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FOREWORD 


This  program  was  conducted  for  the  US  Army  Manu¬ 
facturing  Technology  Directorate  at  Edgewood 
Arsenal  by  AAI  Corporation  under  Contract  DAAA- 15-75 
C-0154,  Task  Assignment  33-TS1901-150.  The  purpose 
of  the  program  was  to  conduct  a  systems  analysis  of 
the  disposal  alternatives  for  waste  salts  produced 
and  stored  at  Rocky  Mountain  Arsenal. 

Work  performed  by  AAI  was  accomplished  under  the 
direction  of  Mr,  Robert  Epstein  of  Edgewood  Arsenal 
who  supplied  the  necessary  data  and  technical 
information.  The  principal  investigators  at  AAT 
were  A.  L,  Farinacci,  G.  B,  Bush  and  H,  W,  Schuette 
under  the  supervision  of  F,  J,  Schroeder, 
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I. 


INTRODUCTION 


The  U.S.  Army's  program  of  demiliterizing  lethal  chemical  agents  has 
produced,  and  will  continue  to  produce,  substantially  large  quantities  of 
waste  salts.  At  the  present  time  at  ^cky  Mountain  Arsenal,  there  are 
approximately  4.2K  tons  of  waste  from  the  demilitarization  of  mustard  agent 
and  over  8. OK  tons  of  waste  from  the  neutralization  of  GB.  The  mustard  wastes 
consist  largely  of  various  inorganic  sodium  salts  while  the  GB  wastes  contain 
a  large  percentage  of  organic  phosphorous  compounds  as  well  as  sodium  fluoride 
and  sodium  carbonate. 


Although  the  waste  salts  have  been  certified  free  of  chemical  agent 
contamination,  their  characteristics  make  disposal  a  relatively  complex 


problem.  Tests  have  shown  that  the  salts  are  corrosive  but  less  than  a  Class  B 
poison. Also,  under  certain  conditions  they  can  cause  physical  irritatira 
and  in  significant  concentrations,  can  be  toxic  to  mammals  and  marine  life.'  / '  /  '  ; 
Other  factors  which  increase  disposal  problems  are  the  concentrations  of  heavy 
metals  (particularly  cadmium)  contained  in  the  salts ,  the  non-biodegradeable  nature 
of  the  wastes  which  increases  the  persistence  of  the  problem,  and  the  high  solubility 
of  the  salts  which  magnifies  the  danger  of  polluting  usable  ground  water.  In 
addition  to  economic  and  technical  problems  associated  with  disposal  of  the*  salts, 
the  matter  of  public  relations  cannot  be  neglected.  The  salts  contain  no  harmful 
concentrations  of  chemical  warfare  agent,  but  their  mere  association  with  chemical 
munitions  has  made  them  a  topic  of  public  concern  to  be  exploited  by  the  news  media, 
environmentalists,  and  civic  associations  for  years  to  come. 


Edgewood  Arsenal  has  been  assigned  the  problem  of  determining  the  safest, 
most  cost  effective,  and  most  ecologically  .sound  method  of  disposing  of  the  wastes. 
Through  research j-- testing,  .literature  searchv" and  personal  contact-,  "Edgewood 
Arsenal  has  compiled-a -bank  of  data  relating  to  many  disposal  techniques  along  with 
their  respective  economic,  technological,  ecological,  and  legal  ramifications, 

AAI  Corporation  was  assigned  the  task  of  assisting  the  Army  in  making  a  selection 
of  the  best  disposal  technique  by  conducting  an  ecologically  weighted  independent 
systems /cost  analysis.  This  analysis  consisted  of  a  qualitative  and  quantitative 
compilation  and  examination  of  the  available  data  so  that  an  objective  decision 
could  be  made.  It  should  be  pointed  out  that  this  analysis  was  limited  only  to  GB 
and  mustard  salt  wastes  at  Rocky  Mountain  Arsenal  and  only  to  options  that  had  been 
investigated  and  considered  by  Edgewood  Arsenal.  The  generation  of  new  technical 
concepts  and  data  was  beyond  the  scope  of  this  study  as  was  consideration  of  wastes 
generated  at  other  detail  facilities.  In  addition,  although  the  scope  of  the  cost 
and  technical  data  provided  was  sufficient  to  allow  the  comparison  of  basic  options, 
it  was  not  sufficient  to  allow  the  detailed  selection  of  specific  variations  or 
contractors . 
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II.  SUMMARY  AND  EECOMMENDATIONS 

This  report  documents  the  review  and  analysis  of  methods  considered 
for  disposing  of  dried  waste  salts  at  Rocky  Mountain  Arsenal.  Many  disposal 
techniques  proved  inadequate  becaiise  they  were  not  ecologically  sound,  not 
cost-effective,  or  beyond  the  state  of  the  art.  Those  that  appeared  feasible 
were  subjected  to  a  systems  analysis  to  establish  an  objectiv--  relative  com¬ 
parison.  Variables  that  were  considered  were  cost,  schedule,  ecological 
safety,  and  a  relative  figure  of  merit  based  on  how  well  the  disposal  method 
was  defined  and  verified. 

Based  on  available  data  and  information,  the  following  conclusions  may 
be  drawn. 

(1)  For  the  mustard  salts,  the  only  disposal  option  that  appears 
available  in  the  near  term  is  the  use  of  a  chemical  waste  landfill.  The 
chemical  composition  of  the  mustard  salts  prevents  incineration  and  any 
reasonably  economical  industrial  use.  The  high  mercury  and  cadmium  content 
virtually  eliminates  the  possibility  of  obtaining  a  special  interim  permit  for 
ocean  disposal.  Other  possibilities  such  as  electrolytic  degradation  and  sub¬ 
ocean  floor  burial  are  well  beyond  the  current  industrial  state  of  the  art  but 
may  prove  feasible  in  the  future. 

(2)  For  GB  salts,  the  most  expedient  disposal  method  for  the  near  term 
also  appears  to  be  the  use  of  a  chemical  waste  -landfill.  The  key  words  are 
’’expedient"  and  "near  term"  because  facilities  for  chemical  landfill  are 
immediately  available  even  though  other  options  would  have  certain  long  term 
advantages.  For  example,  incineration  .of -the  ;GB  salts  wi.th  .subseqi^i^  treatment 

landfill  of  the  residue  would  provide  finalized  disposal,  i.e.,  no  required 
perpetual  monitoring  plus  elimination  of  the  highly  improbably  but  not  impossible 
long  term  problems  posed  by  the  forever-present  salts.  Nevertheless,  when 
examining  the  combined  factors  of  cost,  schedule,  safety,  and  current  techno¬ 
logical  and  operational  availability,  chemical  landfill  emerges  as  the  preferred 
option.  Ocean  dumping  does  not  appear  to  be  a  wise  choice  at  this  time,  primarily 
because  of  the  uncontrolled  nature  of  the  method  and  the  uncertainties  associated 
with  potential  long  term  problems  of  introducing  cadmium  and  phosphonates  into 
the  environment  in  such  a  way  that  they  could  become  consolidated  in  the  food 
chain. 


Throughout  this  study,  it  was  observed  that  there  were  many  factors 
regarding  the  disposal  options  that  had  not  been  fully  defined  or  specified. 

Some  of  these  concern  the  detailed  specification,  costing,  and  scheduling  of 
many  of  the  operations  as  well  as  consideration  of  the  effects  of  potential 
accidents  or  improper  handling.  Where  possible,  broad  process  definitions  and 
generalized  operating  estimates  should  be  scrutenized  to  avoid  overlooking  details 
that  could  cause  subsequent  operating  delays,  safety  problems,  or  cost  overruns. 

As  part  of  any  disposal  operation,  it  is  suggested  that  the  following  items  be 
identified: 
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(1)  detailed  analysis  of  the  type,  number,  availability,  cost,  and 
schedule  requirements  of  the  men  and  equipment  needed  for  material  handling, 
loading,  transportation,  unloading,  temporary  storage,  etc.,  of  drummed  and 
undrummed  salts.  This  includes  such  details  as: 

•  protective  clothing 

•  type  of  rail  cars  and  trucks 

•  special  procedures 

•  responsibility  for  operation  and  security 

•  drum  filling  and  emptying  requirements 

(2)  on-site  Army  investigation,  inspection,  and  surveillance  of: 

•  contractor  facilities  and  equipment 

0  contractor  operations  and  maintenance 

0  .  contractor  security 

(3)  detailed  accident  risk  and  hazard  analysis  for  conditions  during 
pre -operation,  operation,  clean-up,  and  post  operation  follow-up  activities. 

This  should  include : 

0  identification  of  potential  accidents  and  hazards 

0  probability  of  accident  occurrence 

0  type,  scope  and  duration  of  effects  to  human,  animal  and 
plant  life 

0  accident  prevention,  safety,  and  recovery  methods 

(4)  specific  task  definition,  responsibility’ assignment;  manpower,'**  ■'*■■■  ™’‘ 

costs  and  scheduling  for;  -  •  ,  — 

0  site  preparation 

0  operation  and  maintenance 

0  clean-up  (disposition  of  empty  drums,  ten?)orary  storage  facilities, 
residues,  etc.) 

0  follow-up  testing  and  monitoring 

0  documentatidn 

(5)  analysis  of  the  scope,  consequence,  and  duration  of  long  term 
effects  of  disposal  including  the  possibilities  of  accidents,  mishaps,  and 
mishandling  in  the  distant  future. 

This  document  presents  a  summary  and  consolidation  of  all  of  the  avenues 
explored  for  disposal  of  the  waste  salts  at  EMA.  It  provides  a  model  for  examin¬ 
ing  and  communicating  the  decision  process  that  was  undertaken  to  analyze  the 
information  gathered  and  supplied.  It  also  provides  a  framework  for  adding  new 
data  and  options  if  it  is  deemed  necessary  in  the  future.  It  should  be  emphasized 
that  the  results  do  not  imply  that  any  given  method  is  an  ultimate  disposal  tech¬ 
nique  but  merely  better  or  worse  than  tht  others  considered  in  the  analysis  at 
this  time. 
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III. 


TECHNICAL 


Ai  Background 

In  the  past  few  years,  the  disposal  of  "hazardous"  wastes  has 
received  increasing  attention.  Through  the  efforts  of  environmentalists  and 
the  news  media,  citizens  are  becoming  more  aware  of  the  disposal  methods  that 
have  been  employed  by  government  and  industry  in  the  past  and  citizens  have 
become  more  concerned  for  their  own  safety.  Many  examples  of  severe  and  long¬ 
term  damage  to  humans  and  wildlife  resulting  from  careless  handling  of  chemicals 
and  industrial  wastes  have  been  widely  publicized.  Problems  such  as  the  Kepone 
pollution  of  the  James  River  and  Chesapeake  Bay,  PCB  pollution  of  the  Hudson 
River,  and  the  long-term  effects  of  DDT  on  animal  life  have  made  people  fearful 
of  man-made  chemicals  in  the  environment  and  skeptical  of  industry’s  ability 
or  desire  to  conttol  them.  In  order  to  allay  these  fears,  state,  local,  and 
federal  regulations  have  made  the  disposal  of  chemical  wastes  increasingly 
difficult.  More  effort  is  being  applied  to  define  exactly  which  wastes  are 
dangerous,  the  specific  danger  that  they  pose,  and  the  acceptable  methods  for 
their  disposal. 

The  EPA  defines  hazardous  wastes  as  "wastes  or  combinations  of 
wastes  which  pose  a  substantial  present  or  potential  hazard  to  human  health  or 
living  organisms  because  they  are  lethal,  non-degradable ,  persistent  in  nature, 
can  be  biologically  MOTified  or  otherwise  cause,  or  tend  to  cause,  detrimental 
cumulative  effects."^^  They  specify  five  general  categories  of  hazardous 
wastes  including  "toxic  chemical"  which  can  be  subcategorized  as  (a)  inorganic 
toxic  metals,  salts,  acids  or  bases,  and  (b)  S3mthetic  organics.  The  State  of 
California  defines  hazardous  waste  as  "any  waste  material  or  mixture  of  wastes 
which  is  toxic,  corrosive,  flammable^:  an -irritant,  a  strong  sensitizer,  which 
generates  pressure  through  decomposition,  heat  or  other  means,  if  such  a  waste 
or  mixture  of  wastes  may  cause  substantial  personal  injury,  serious  illness  or 
harm  to  wildlife,  during,  or  as  a  proximate  result  of  any  disposal  of  such 
wastes  or  mixture  of  wastes From  these  definitions  it  is  interpreted  that 
the  waste  salts  at  Rocky  Mountain  Arsenal  could  be  considered  "hazardous"  even 
though  they  are  classified  as  less  than  Class  B  poison.  They  are  highly  soluble 
and  persistent,  and  they  have  been  shown  to  be  irritating,  corrosive,  and 
potentially  toxic  in  significant  quantities.  However,  by  the  above  general 
definitions,  many  substances,  even  table  salt,  could  be  considered  "hazardous". 

1,  Description  of  Wastes 
a.  GB  Salts 

Large  scale  neutralization  of  GB  at  Rocky  Mountain  Arsenal 
was  done  with  NaOH  solution.  In  addition,  many  washdown  and  decontamination 
operations  were  performed  with  sodium  carbonate  solution  during  various  demil 
operations.  The  salt  solution  resulting  from  the  operation  has  been  spray 
dried  and  the  salts  sealed  in  55 -gallon  drums.  There  are  now  over  8. OK  tons 
at  BMA  stored  in  approximately  41,000  drums.. 
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The  waste  salts  consist  primarily  of  the  organic  phos¬ 
phorous  compound  sodium  isopropyl  methyl  phosphanate  (SIMP),  sodium  fluoride, 
sodium  carbonate,  knd  sodium  hydroxide.  The  proportions  vary  from  lot  to  lot 
and  there  are  also  other  trace  elements  present.  SIMP  is  not  a  naturally 
occurring  compound,  is  not  biodegradable, and  presents  an  unkno^  potential _ 
danger  if  released  into  the  environment.  Sodium  fluoride  is  highly  corrosive 
and  is  regulated  by  the  EPA  as  well  as  some  state  pollution  laws  as  a  hazardous 
compound.  The  composition  of  the  GB  salts  is  as  follows. 


Compounds 

Organic  Phosphorous 

NaF 

Na.CO,, 

NaOH 


Per  cent 


Compounds  32-59 

12-25 
8-35 
2-7 


Element 


ppm  (mg/kg) 


Mercury 

Cadmium 

Copper 

•Zinc 

Lead 

Chromium 

Manganese 

Silver 

Molybdenum 

b .  Mustard  Salts' 


<  0.1 
1.24 
13.20 
145 

<  0.5 

<  1 
1.90 
1 

<  50 


There  are  concurrently  about  4.2K  tons  of  salts  at  EMA 
resulting  from  the  incineration  of  mustard  agent,  scrubbing  of  exhaust  gases, 
and  spray  drying  of  the  brine  solution.  About  3.6K  tons  are  stored  in  55-gallon 
drums  (approximately  19,000  drums)  and  600  tons  warehoused  in  bulk  form.  The 
major  components  as  well  as  the  trace  elements  measured  are  as  follows: 


Compound 


Per  cent 


MaCl 
Na2  SOj 
NaH  CO3 
Na-  SO4 
Na,  COo 
Fe2  O3 


43.3 

23.6 
5.9 

15.7 
11.9 

.2 
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ppm  ('mg/kg') 


Element 


Mercury 

1.03 

Cadmium  •  - 

16 

Copper 

53 

Zinc 

35 

Lead 

<  5 

Chromium 

<  25 

Manganese 

<  0.03 

Silver 

<  2.5 

Molybdenum 

<  0.1 

Potass  ium 

0.7 

Soluble  Iron 

147 

Insoluble  Iron 

2315 

2.  Costs 

The  overall  cost  of  any  method  of  disposal  must  be  given 
strong  consideration  particularly  in  light  of  technological  feasibility. 

Some  disposal  options  presented  in  Sections  III-B  and  III-C  .are  techniques 
that  are  currently  in  use,  some  would  require  significant  modifications  to 
existing  systems,  and  others  are  virtually  untried  ideas  that  have  been 
examined  only  on  paper.  The  confidence  in  system  costs  used  in  subsequent 
analyses  depends  upon  the  source  of  those  costs.  Some  are  estimates  that 
have  been  supp.lied  by  contractors  engaged  in  waste  disposal  operations  while 
others  are  based  on  purely  theoretical  conditions.  In  general,  documented 
costs  based  on  existing  operations  or  equipment  have  been  given  more  credence 
than  e^imates  for  concepts  that  would  require  extensive  deveropment^. 

3  .  Laws  and  Guidelines 

Aside  from  the  cost  and  technological  factors  affecting  the 
selection  of  a  disposal  method,  it  is  necessary  to  consider  federal,  state, 
and  local  laws  as  well  as  guidelines  and  opinions  of  regulatory  agencies. 

Many  technically  feasible  and  economically  sound  disposal  techniques  must  be 
eliminated  from  consideration  or  viewed  with  caution  because  they  violate 
specific  regulations  or  tend  to  run  counter  to  guidelines  for  preferred  pro~ 
cedures .  Because  there  have  been  few  economic  incentives  for  waste  procedures 
to  utilize  the  most  ecologically  sound  disposal  methods,  laws  have  been  enacted 
to  specifically  prohibit  or  regulate  certain  waste  handling  procedures.  For 
the  most  part,  federal  laws  have  been  most  stringent  with  respect  to  discharge 
of  wastes  to  the  atmosphere  and  water  resources.  Up  until  now,  with  the  ex¬ 
ception  of  radioactive  and  pesticide  wastes,  land-based  treatment,  storage,  and 
disposal  have  been  largely  unregulated  on  the  federal  level  and  left  to  the 
prerogative  of  state  and  municipal  governments.  However,  this  is  likely  to 
change  in  the  near  future.  Amendments  to  existing  laws  as  well  as  proposed  new 
legislation  indicate  that  legal  restrictions  will  only  become  more  restrictive. 
Following  is  a  summary  of  some  of  the  current  and  pending  regulations  and  guide 
lines  that  must  be  considered  in  the  final  selection  of  a  disposal  method. 
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a.  National  Environmental  Policy  Act  of  1969;  (PL  91-190)  - 
This  law  declares  a  national  policy  to  promote  efforts  to  prevent  damage  to 

the  environment  and  to  foster  greater  understanding  and  concern  for  the  ecology. 

It  establishes  the  Council  on  Environmental  Quality  and  requires  all  Federal 
agencies  to  include  an  environmental  impact  statement  for  proposed  major  actions 
which  could  have  significant  environmental  consequences. 

b.  Water  Quality  Improvement  Act  of  1970;  (PL  91-224)  -  This 
law  amends  the  Federal  Water  Pollution  Control  Act  to  reinforce  prohibition 
of  the  discharge  of  oil  into  navigable  waters  of  the  U.S.  and  upon  other 
designated  waters  adjoining  the  U.S.  shoreline.  It  also  gives  the  power  to  the 
President  to  designate  as  hazardous  and  prohibit  the  discharge  of  any  other 
material  which  could  present  substantial  danger  to  public  health  or  welfare  to 
fish,  shellfish,  wildlife,  shorelines, and  beaches. 

c.  Armed  Forces  Appropriation  Act  of  1971;  (PL  91-441)  -  This 
act  specifies  that  chemical  and  biological  agents  must  be  detoxified  prior  to 
disposal.  It  eases  some  transportation  restrictions  on  small  quantities  of 
agent  and  provides  for  emergency  transportation  and  disposal  where  health  and 
safety  are  jeopardized. 

d.  Federal  Water  Pollution  Control  Act  Amendments  of  1972; 

(PL  92-500)  -  The  basic  objective  of  this  act  is  to  "restore  and  maintain  the 
chemical,  physical,  and  biological  integrity  of  the  Nation's  waters."  Toward 
this  end,  it  authorizes  the  classification  of  hazardous  materials  and  the 
specification  of  allowable  concentrations.  It  requires  the  determination  of 
effects  of  pollutants  on  human  safety  and  the  welfare  of  fish  and  wildlife. 

The  act  is  very  comprehensive,  specifying  target -dates  for-’pollution.  levels  ^and.... 

requiring  federal-permits  and  grants  "for  the  discharge  of  effluent  into  the. . 

Nation's  waters. 

e.  Marine  Protection,  Research  and  Sanctuaries  Act  of  1972; 

(PL  92-532)'-  This  act  regulates  the  transportation  for  dumping  and  the  act  of 
dumping  material  into  ocean  waters.  It  affirms  that  it  is  the  policy  of  the 
United  States  to  regulate  the  dumping  of  all  types  of  materials  into  ocean 
waters  and  to  prevent,  or  strictly  limit,  the  dumping  into  ocean  waters  of  any 
material  which  would  adversely  affect  human  health,  welfare,  or  amenities,  or 
the  marine  environment,  ecological  systems,  or  economic  potentialities.  It 
specifically  prohibits  dumping  of  any  radiological,  chemical,  biological  warfare 
agent,  or  any  high-level  radioactive  waste  except  as  by  special  permit  and  out¬ 
lines  the  requirements  and  conditions  for  obtaining  permits. 

f.  Clean  Air  Act  of  1970  -  This  act  provides  EPA  with  the 
power  to  adopt  and  enforce  air  pollution  regulations.  Using  this  power,  EPA 
established  the  National  Primary  and  Secondary  Air  Quality  Standards  which  set 
the  maximum  ambient  concentrations  for  oxidants,  CO,  N02>  S02>  non-methane 
hydrocarbons,  and  particulates. 

g.  Resource  Conservation  and  Recovery  Act  of  1976  -  In  addition 
to  providing  for  financial  assistance  to  state  and  local  governments  to  aid  in 
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modifying  existing  disposal  techniques,  this  act  prohibits  future  open  dumping 
on  the  land  and  requires  the  conversion  of  existing  open  dumps  to  facilities 
which  do  not  pose  a  threat  to  the  environment.  It  requires  that  persons  owning 
or  operating  facilities  for  the  treatment,  storage,  or  disposal  of  hazardous 
wastes  to  have  a  permit  in  accordance  with  regulations  established  by  the  EFA. 

4.  Other  Considerations 

Costs,  schedules,  and  laws  are  absolutes  that  can  be  factored 
into  a  decision  with  little  difficulty.  However,  there  are  other  considerations 
which  may  be  called  (with  some  hesitancy)  '‘moral  issues."  These  deal  with 
somewhat  nebulous  ecological  factors  and  the  ultimate  assignment  and  acceptance 
of  responsibility  in  the  event  of  an  accident.  This  is  particularly  true  in 
cases  where  a  great  deal  of  the  disposal  operation  would  be  handled  by  contract¬ 
ors,  or  where  special  exception  permits  are  required.  Regardless  of  who  performs 
the  disposal  operations,  it  should  be  assumed  that  the  Army  will  ultimately  bear 
the  full  brunt  of  any  problems,  and  would  have  to  accept  responsibility  for 
political  reasons  if  not  necessarily  for  legal  ones. 

A  final  decision  on  a  detailed  method  should  include  verifi¬ 
cation  or  establishment  of  data  required  for.  any  licensing  and  permits  for 
disposal  operations  such  as  soil  samples,  bioassays,  chemical  emissions,  dilution/ 
percolation  rates,  geohydrological  conditions,  accident  scenarios,  etc.  Infor¬ 
mation  such  as  this  should  be  obtained  even  if  the  disposal  operation  is  carried 
out  by  an  independent  contractor  because  criteria  for  operating  permits  may  vary 
from  state  to  state,  and  many  of  the  environmental  problems  that  could  result  from 
inadequate  precautions  are  long-term  and  insidious  in  nature.  For  example, 
several  people  in  Perham,  Minnesota  were  hospitalized  as  a  result  of  ground  water 
contamination  from  arsenic  that  h^.  been  buried  30  years  earlier  in  a  site  that- 
was  not  adequately  controlled.  Heavy  metals  and  non-degradable  pesticides 

have  entered  the  food  chain  in  some  areas  and  can  be  consolidated  and  passed  on 
to  humans  through  wildlife,  marine  life,  and  agricultural  products.  In  some 
cases,  the  effects  do  not  become  apparent  for  many  years,  usually  after  serious 
damage  is  done. 


Much  of  the  detailed  information  needed  for  this  level  of 
decision  analysis  has  not  been  provided  for  this  study  and  is  not  necessary 
for  a  preliminary  selection.  However,  the  specific  details  have  been  identified 
so  that  they  can  be  considered  for  future  detailed  planning  of  disposal  operations 

B.  Disposal  Concepts 

During  the  past  few  years  many  ideas  were  considered  for  the 
destruction  or  advantageous  use  of  the  neutralized  GB  and  mustard  salts. 

Initially  all  apparent  methods  were  considered  to  assess  their  economic, 
technical,  and  ecological  feasibility.  Most  were  eliminated  after  a  cursory 
qualitative  examination  in  which  their  obvious  weaknesses  became  apparent, 
while  others  were  given  significant  study  before  they  were  either  eliminated 
from  consideration  or  singled  out  for  detailed  study.  The  following  section 
contains  a  brief  description  of  all  of  the  concepts  for  disposal  or  use  considered 
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by  the  Army  in  order  to  serve  as  a  consolidated  reference.  Those  concepts 
which  have  been  singled  out  for  final  consideration  are  presented  in  detail 
in  Section  III-C . 


1.  Sale  and  Recycle  by  Industry 

The  ideal  method  of  disposal  for  demilled  GS  and  mustard 
residues  is  industrial  recycle.  This  method  was  considered,  for  it  was  thought 
that  the  residues  could  be  used  productively  by  industry  instead  of  being 
destroyed.  Many  industries  were  considered  and  some  were  contacted,  but  most 
were  unwilling  to  use  these  residues.  Their  reluctance  is  explained  by  three 
major  problems : 

•  the  relatively  small  amount  of  material  to  be  used  for 
a  one-time  event; 

•  the  complex  mixtures  of  the  salts ; 

•  the  high  corrosiveness  of  the  salts. 

A  few  thousand  tons  of  material  is  a  small  amount  when  it  is 
compared  to  the  amount  used  in  many  industries.  These  industries  were  usually 
unwilling  to  adjust  their  processes  unless  a  long-term,  continuous  supply  of 
raw  materials  were  available.  The  cost  of  engineering  and  operating  labor  for 
the  adjustment  would  be  greater  than  the  profits  derived  from  the  use  of  the 
demilled  salts.  Additionally,  the  residue  from  the  demilled  salts  usage  could 
cause  severe  disposal  problems . 

Each  of  the  demilled  salts  contains  highly  corrosive  salts, 
i.e.,  sodium  fluoride  in  the  GB  salts  and  sodium  chloride  in  the  mustard  salts. 
Many  industries  were  extremely  reluctant  to  use  these  materials  because  of  this 
corrosivity. 


a.  GB  Salts 

Some  of  the  industrial  applications  considered  for  the  GB 
salts  in  their  unmodified  form  were : 

1)  Fire  Breaks  in  Forests 

Unfortunately  this  method  is  a  type  of  land  dilution. 
Since  there  is  a  definite  possibility  of  contaminating  groundwater,  the 
use  of  this  method  cannot  be  recommended. 

2)  Incorporation  into  Asphalt  Paving 

The  addition  of  GB  salts  to  asphalt  would  weaken  the 
asphalt  structure.  This  weakening  would  cause  a  faster  asphalt  deterioration. 
There  is  also  a  possibility  of  the  salts  leaching  into  the  groundwater. 
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3)  Use  in  Brick  Making' 

A  process  developed  by  Tekology  Corporation  uses 
inorganic  waste  material  in  manufacturing  bricks.  Teckology  Corporation  was 
contacted  but  was  not  interested  in  using  this  particular  waste.  Their 
objections  were: 

•  the  amount  involved  was  too  small  for  brick  making; 

•  the  salt  residues  were  too  fine  and  uniform; 

•  the  presence  of  organic  material  in  the  GB  salts 

was  undesirable. 

fl4'5 

4)  Use  in  Wallboard  ' 

The  object  was  to  change  GB  residues  to  calcium  salts 
which  could  be  mixed  with  the  gypsum  used  in  wallboard  fiber.  It  was  learned 
that  this  method  could  not  be  used  because  the  wallboard  would  crumble  if  the 
sodium  content  of  the  gypsum  or  internal  filler  were  greater  than  0.05%.  Also, 
the  phosphorus  in  the  GB  salt  would  cause  deterioration  of  the  wallboard  because 
oxygenated  phosphorus  ions  would  prevent  the  gypsum  from  hydrating  properly. 

5)  Use  in  Manufacture  of  Plasticizers  and  Fire  Retardants 


It  was  felt  that  the  phosphonates  in  the  GB  salts  could 
be  used  in  plasticizers  or  fire  retardants.  However,  the  fluorides  would  be 
detrimental  to  the  process  and  would  have  to  be  removed.  As  will  be  shown  later, 
only  about  60  -  80%  of  the  NaF  could  be  filtered  from  the  mixture  and  the  cost 
would  be  high.  Therefore,  this  option  was  dropped  from  further  consideration. 

(16) 

6)  Encapsulation  of  Residues  in  Clay  Aggregates 


It  was  suggested  that  GB  residues  could  be  encapculated 
in  clay  aggregates  which  are  used  primarily  for  lightweight  concrete.  However, 
this  option  was  found  to  be  unsuitable  because  P  0^  would  be  formed  during  the 
required  nodulizing  process  and  its  removal  would  be  too  costly  to  make  the 
process  economical. 


7) 


Recovery 


of  the  Phosphorous 


(17) 


Recovery  of  the  elemental  phosphorous  by  burning  the 
residues  as  raw  feed  in  phosphorous  nodulizing  kilns  was  considered  by  Monsanto 
Research  Corporation,  and  many  phosphorous  producers  were  contacted.  By  burning 
the  GB  salts  in  nodulizing  kilns,  they  would  be  reduced  to  CO^,  HF,  H2O,  and 
elemental  phosphorous.  However,  several  problems  existed  with  this  application, 
one  of  which  was  the  size  of  the  dried  salt  particles.  Nodulizing  kilns  work 
best  with  large  chunks  of  material.  Small  salt  particles  would  be  dusted  out 
of  the  kiln  before  the  phosphonates  could  be  broken  down.  Of  the  phosphorous 
producers  contacted,  the  following  responses  were  typical. 
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•  Monsanto  Corporation  -  Plant  personnel  were  reluctant 
to  accept  the  material  because  of  their  kiln  working 
process  and  the  likelihood  that  some  of  the  salts 
would  pollute  the  nearby- river.  Notoriety  from 
previous  pollution  problems  made  them  very  sensitive 
to  possible  sources  of  pollution. 

•  Tennessee  Valley  Authority  (TVA)  -  TVA  would  not 
accept  the  salts  because  of  the  high  NaF  content. 

•  Electrophos  -  The  company  owner  did  not  want  the 
material  because  of  the  possible  ecological  ramifi¬ 
cations  . 

•  Stauffer  Chemical  Company  -  Negative  response. 

•  Mobil  Chemical  Company  -  The  amount  of  salts  at  RMA 
represented  about  1.5  times  the  total  annual  pro¬ 
duction  of  this  small  company  and  they  were  not 
interested. 

•  FMC  Corporation  -  This  company  has  a  secret  process 
and  was  not  interested;  perhaps  because  they  felt 
that  their  proprietary  process  would  become  known. 

•  Hooker  Chemical  Co.  -  They  did  not  want  the  salts 
because  of  problems  created  by  the  handling  of 
secondary  residue  from  their  process. 

All  in  all,  the  use  of  the  GB  salts  for  industrial 
phosphorous  feed  stock  was  rejected  by  the  industry  and  the  option  was  given 
no  further  consideration. 

8)  Removal  of  Sodium  Fluoride  by  Filtration 

Sodium  fluoride  filtered  from  the  salts  could  be  sold  as 
a  raw  material.  This  option  was  given  particular  consideration  as  an  addition  to 
the  incineration  concept  in  order  to  eliminate  possible  corrosion  problems.  A 
study  was  undertaken  by  Monsanto  Research  Corporation  to  assess  the  economic  and 
technical  feasibility  of  the  technique.'’  '  They  showed  that  the  separation  cost 
would  be  on  the  order  of  $1.30  -  $3.33  per  pound  to  produce  dried  NaF.  Because 
the  market  value  is  on  the  order  of  15  -  20  cents /lb.,  the  concept  is  not  economi¬ 
cally  viable.  In  addition,  the  filtration  is  not  complete  and  enough  NaF  would  be 
left  in  the  salt  to  cause  possible  corrosion  problems  during  incineration.  For 
these  reasons  the  idea  was  dropped  from  additional  consideration. 

9)  Electrolytic  Degradation'  ' 

Electrolytic  degradation  was  an  idea  examined  briefly 
by  the  Monsanto  Company  on  the  basis  of  some  Russian  studies  done  with  this 
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process.  In  the  Russian  process,  alkali  metal  me thy Iphospho nates  were 
decomposed  electrolytically  to  CO^  and  phosphoric  acid  in  strong  caustic 
(48%)  with  a  platinum  electrode. 

Monsanto  suggested  that  other  types  of  electrodes 
could  possibly  be  used.  After  unsuccessfully  testing  other  electrode  materials 
on  samples  of  the  demilled  GB  salts  under  vaious  conditions,  it  was  concluded 
that  the  platinum  electrode  would  have  to  be  used.  Even  though  the  initial 
cost  of  the  platinum  electrode  would  be  very  expensive,  it  appears  that  the 
platinum  could  be  resold  after  the  degradation  was  completed.  Further  investi- 
would  be  needed  to  study  the  economic  and  technical  feasibility  of  usxng 
this  disposal  method.  Because  it  is  beyond  the  current  state  of  the  art,  it 
was  not  given  detailed  consideration. 

b.  Mustard  Salts 

1)  Use  as  Deicers  on  Highways 

Rocky  Mountain  Arsenal  contacted  the  Colorado  State 
Department  of  Highways  concerning  the  possibility  of  using  detoxified  mustard 
salts  as  a  deicer  on  mountain  highways  and  roads.  According  to  a  letter 
received  by  RMA  from  Colorado  State  Department  of  Highways  dated  October  17, 

1973,  the  sodium  sulfite  in  the  mustard  salts  would  damage  concrete  pavements 
and  concrete  bridge  decks,  so  this  option  was  eliminated. 

(21) 

2)  Use  as  Brine  in  Ice  Manufacturing' 

It  was  proposed  to  use  the  mustard  salts  instead  of 

sodium  chloride  as- a  brine -in  ice. manufacturing;-  However^  the  piping  system, . 

expecially  the  heat  exchangers,  needs  occasional  flushing  and  the  waste  water 
from  the  flushing  would  contain  dissolved  mustard  salts.  Without  special  con- 
tainment  or  treatment,  the  mustard  salts  would  eventually  enter  the  environment 
and  therefore  this  method  of  disposal  could  not  be  considered. 

(22) 

3)  Use  in  Chlorine  Manufacture 

Monsanto  Conqiany  and  Vulcan  Materials  were  contacted 
about  the  possibility  of  using  mustard  salts  in  manufacturing  chlorine.  Both 
manufacturers  agreed  that  using  mustard  salts  in  the  process  would  cause 
process  and  disposal  problems. 

4)  Use  in  Dyeing  Cow  Hides 

The  idea  of  using  mustard  salts  in  the  leather  dyeing 
operation  was  considered  and  the  "42  Products  Company"  was  contacted.  However, 
RMA  learned  that  using  mustard  salts  for  dyeing  cow  and  sheep  hides  would  cause 
a  reddish  color  to  appear.  This  discoloration  would  prohibit  the  use  of  mustard 
salts  for  this  purpose. 
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5)  Use  in  Papermaking 

Use  of  mustard  salts  in  pulp  and  paper  manufacturing 
was  considered  but  had  to  be  eliminated.  A  letter  from  Saltcake  Sales  Corp. 
dated  April  9,  1974  indicated  that' the  high  sodium  chloride  content  of  mustard 
salts  makes  them  unsuitable  for  use  in  the  pulp  and  paper  industry, 

6)  Extraction  of  NaCl  from  Mustard  Salts 

Most  industry  representatives  contacted  indicated  that 
if  the  sodium  chloride  could  be  removed  from  the  mustard  salts,  numerous  methods 
of  disposal  or  use  of  the  remaining  compounds  could  be  found.  Various  techniques 
were  examined  and  were  very  briefly  discussed  by  Monsanto  Research  Corporation. 
Elimination  of  the  following  options  was  based  exclusively  on  Monsanto's  analysis 
and  recommendation.  They  are  summarized  below,  merely  for  convenient  reference. 

Calcining  to  Na^SO^/Na^CO^ 

This  method  is  neither  practical  nor  applicable  for 
4000  tons  of  a  mixture  of  inexpensive  common  salts.  The  costs  of  developing, 
constructing,  and  operating  this  process  is  extremely  high.  There  is  also  a 
danger  of  air  pollution. 


Conversion  to  Calcium  Salts  and  then  Calcining 

The  idea  was  to  treat  mustard  salts  with  calcium 
hydroxide  as  a  way  of  removing  the  sodium  chloride  from  the  mixture  with  an 
inexpensive  re-agent.  Detailed  calculations  were  performed  and  the  results 
suggested  that  the  method  could  be  reasonably  complete,  but  laboratory  tests 
showed  that  the  process  was  incomplete. 

Treatment  with  Sulfuric  Acid 

It  was  learned  that  an  expensive  pre-treatment  process 
step  would  have  to  occur  before  the  sulfuric  acid  treatment  and  a  large  quantity 
of  spent  sulfuric  acid  containing  salt  impurities  would  arise  in  this  method. 

Removal  of  Chloride  Ion  by  Ion  Exchange 

Complete  removal  or  removal  of  the  majority  of  the 
chloride  ion  by  ion  exchange  from  a  solution  containing  divalent  anions  is  not 
possible  with  the  present  state  of  the  art. 

Fractional  Crystalization  in  Water-Organic  Systems 

to  Remove  Sodium  Chloride 


Fractional  crystalization  from  organic-water  systems 
would  be  very  difficult  even  under  ideal  conditions. 
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Separation  by  Density  or  Flotation  Process 

The  separation  technique  depends  upon  a  large  differ¬ 
ence  in  density  between  substances,  but  sodium  chloride  has  only  a  very  slight 
difference  in  density  from  the  other  constituents  of  the  mixture.  Some  of  the 
sodium  chloride  would  be  separated  but  it  would  be  highly  contaminated. 

Molten  Phase < Separation 

The  idea  was  to  cause  the  sodium  chloride  to  slag, 
whereupon  it  could  be  tapped.  The  slagging  process  would  only  separate  the  - 
sodium  chloride  in  757.  pure  form.  In  addition,  this  method  would  require  large 
amounts  of  energy  and  a  significant  difference  in  density. 

Froth  Flotation 

This  method  also  requires  significant  differences  in 
densities  of  the  salts.  Very  little  separation  of  sodium  chloride  would  occur 
by  froth  flotation. 

Electrolysis 

Converting  the  sulfites  in  the  mixture  to  sulfates 
and  the  sodium  chloride  to  sodium  h3rpochlorite  by  the  use  of  electrol3reis  was 
considered.  Chlorine  gas  could  be  obtained  from  the  solution.  However,  the 
sulfate  arid  carbonate  content  would  create  disposal  problems  that  industrial 
users  did  not  want  to  contend  with.  Because  the  products  were  not  salable 
to  industry,  the  concept  was  eliminated  from  consideration. 

2.  Ocean  Dumping 

Ocean  dumping  of  waste  material  is  closely  regulated.  The 
Marine  Protection  Research  and  Sanctuaries  Act  of  1972  (PL  92-532)  emphasizes 
the  restrictions  placed  on  wastes  disposed  in  the  ocean.  Industry  has  used 
ocean  dumping  for  the  disposal  of  chemical  wastes  in  the  past,  but  proposed 
legislation  may  severely  restrict  or  eliminate  future  use  of  the  ocean  as  a 
disposal  sink. 


a.  GB  Salts 

The  study  of  the  GB  salts  indicated  that  the  toxicity  of 
the  salts,  ia.low  enough  that  ocean  dumping  appears  to  be  a  possible  disposal 
option.  '  ^  ^  '  However,  the  average  cadmium  concentration  is  above  the 

permissible  value  of  0.60  rag/kg.  The  estimated  concentration  of  cadmium  for 
the  GB  salts  is  1.24  mg/kg. 

An  interim  special  permit  could  be  obtained  if  there  were  no 
feasible  present  alternative  to  ocean  dumping,  but  obtaining  this  permit  would  be 
difficult,  costly,  and  time-consuming.  The  regulations  require  that  certain 
conditions  must  occur  before  issuing  an  interim  special  permit.  One  of  these 
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requirements  is  an  "assessment  of  the  degree  of  treatment  feasible  to  meet 
the  standards  and  .the  development  and  active  implementation  of  a  plan  to 
either  eliminate  the  discharge  to  the  ocean  or  to  bring  it  within  the  limits 
of  the  criteria  in  the  regulations."^^®'  In  addition,  costly  public  hearings 
would  be  necessary  to  obtain  an  interim  special  permit.  Nevertheless,  the 
fact  that  a  permit  may  be  obtainable  and  because  there  are  some  advantages  to 
ocean  dumping,  this  technique  was  given  detailed  considerations  in  Section  III-C. 

b.  Mustard  Salts 

A  study  performed  by  the  U.S.  Army  Environmental  Hygiene 
Agency  (AEHA)^^^^  concluded  that  the  mustard  salts  were  significantly  toxic 
to  fish  and  marine  life.  The  study  also  showed  that  mercury  and  cadmium 
concentrations  in  the  mustard  salts  exceeded  the  maximum  allowable  for  waste 
disposal  under  PL  92-532  and  indicated  that  the  U.S.  Environmental  Protection 
Agency  would  probably  not  grant  a  permit  for  ocean  dumping.  AEHA  recommended 
that  mustard  salts  should  not  be  ocean  dumped  because  of  the  significant  toxicity 
of  mustard  salts  to  marine  life.  For  this  reason,  ocean  dumping  of  mustard  salts 
was  dropped  from  consideration. 

3.  Ocean  Floor  Burial 

An  advanced  state-of-the-art  concept  that  received  consideration 
is  that  of  burying  the  waste  salts  beneath  the  ocean  floor.  An  unsolicited 
proposal  outlining  the  concept  was  received  from  Global  Marine  Development,  Iixc., 
of  Los  Angeles,  California.  The  basic  concept  consists  of  using  a  deep  sea 

drilling  vessel  such  as  the  Glomar  Challenger  to  drill  a  large -diameter  hole 
(4  -  6  ft.)  several  hundred  feet  into  the  sediment  and/or  bedrock  of  an  "abysmal 
basin"  on  the  ocean  floor,  emplacing- thecal ts 7 -and  sealing"off  the  hole.  The 
waste  salts  could  be  either  encapsulated  and  simply  placed  in  the  hole,  or  they 
could  be  diluted  as  a  brine  solution  and  injected  into  a  porous  rock  layer  similar 
to  a  surface  deep  well  injection  operation. 

The  concept  has  some  attractive  advantages.  Because  the  burial 
site  would  be  on  the  order  of  20,000  feet  below  the  ocean  surface,  there  would 
be  virtually  no  biologic,  geologic,  or  oceanographic  activity  to  upset  the  long¬ 
term  stability  of  the  location.  The  extremely  isolated  area  is  safe  from  human 
contact  and  there  is  no  danger  to  consumable  water  supplies,  but  later  retrieval 
of  the  wastes  is  possible  if  desired.  The  abysmal  basins  are  virtually  sterile 
areas  free  of  life  or  usable  minerals  and  thus  can  serve  as  a  dumping  ground 
that  would  not  deplete  potentially  valuable  surface,  land  sites. 

Despite  the  potential  safety  advantages  of  the  ocean  floor  burial 
concept,  the  probable  costs  and  technical  problems  detract  from  the  appeal  of  the 
system.  Although  the  scientific  feasibility  of  the  concept  has  been  illustrated 
through  analysis  and  the  previous  extraction  of  ocean  floor  core  samples,  the 
engineering  feasibility  of  drilling  large  diameter  holes  and  the  emplacement/ 
injection  process  itself  remains  to  be  proved.  No  firm  cost  estimates  were  given 
for  the  actual  development  and  operation,  but  a  rough  estimate  for  final  operation 
of  $300  per  ton  was  given  during  a  presentation  to  Edgewood  Arsenal  (see  Appendix  H 
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This  translates  to  a  cost  of  over  $3a3  million  for  the  BMA  salts  and 
does  not  include  feasibility  studies,  development  costs,  or  contract  support 
costs  which  are  estimated  to  exceed  $1  million.  The  highly  speculative  nature 
of  these  costs  tends  to  reduce  confidence  in  the  system  even  more. 

It  is  conceivable  that  as  future  waste  disposal  laws  become  more 
stringent  and  land-based  disposal  areas  become  more  limited,  ocean  floor  burial 
operations  may  be  established  as  a  large  scale  commercial  operation  to  support 
the  chemical  process  industries.  In  this  event,  the  engineering  technology  may 
become  better  established  and  the  costs  may  become  significantly  lower  which 
could  make  this  type  of  disposal  attractive  for  government  wastes  generated  in 
the  future.  However,  the  current  proposed  costs  and  development  uncertainties 
make  the  concept  unsuitable  for  the  existing  RMA  salts  and  the  idea  was  dropped 
from  extended  consideration. 

4.  Landfills 

a.  Sanitary  (ordinary)  Landfills 

Unfortunately,  the  term  landfill  often  refers  to  a  sanitary 
or  ordinary  landfill.  Such  sites  have  been  used  for  years  for  the  dumping  of 
garbage,  trash,  and  some  types  of  industrial  wastes.  These  operations  do  not 
control  leachate  and  although  this  type  of  landfill  may  be  satisfactory  for 
household  wastes  and  some  insoluable  industrial  wastes,  its  use  for  the  disposal 
of  the  BMA  waste  salts  would  be  totally  out  of-  the  question. 

b.  Chemical  Waste  (California  Class  I)  Landfills 

A  chemical  waste  ("controlled")  landfill  is  one  in  which  the 
disposed  material  is  prevented  from  entering  the  surrounding  groundwater  by  using 
barriers  of  impermeable  materials .  Contamination  is  contained  by  using  impervious 
material  such  as  clay,  rubber,  asphalt,  concrete,  and  plastics  -  especially  Hypalon 
and  polyvinyl  chloride.  Leachates  may  be  collected  by  using  underground  pipes  and 
re-cycled  through  the  landfill  or  sent  to  a  special  treatment  plant  for  final 
disposal. 


Some  chemical  waste  landfills  are  owned  and  operated  by  chemi¬ 
cal  process  companies  to  dispose  of  their  own  wastes  but  many  are  owned  as  separate 
companies  that  accept  wastes  on  a  contract  basis.  Chemical  landfills  present  a 
very  convenient,  ecologically  sound  alternative  for  both  GB  and  mustard  salts  and 
are  discussed  in  greater  detail  in  Section  III-C. 

5.  Encapsulation  Landfill 

If  the  waste  salts  could  be  encapsulated  in  an  inert,  impermeable 
matrix,  the  rate  of  pollution  released  to  the  environment  could  be  reduced  or 
eliminated  entirely  and  ordinary  sanitary  landfills  could  be  used  for  disposal. 
This  concept  is  used  for  certain  types  of  particulate  wastes  scrubbed  from  flue 
gases  produced  by  some  industrial  processes.  Some  inquiries  were  made  about 
commercial  fixation  techniques  and  some  studies  were  performed  but  the  results 
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only  showed  that  the  concept  is  not  practical  with  current  technology.  They 
are  summarized  below. 


a.  GB  Salts 

1)  Disposal  in  Kiln  Dust  Cement 

The  encapsulation  of  GB  salts  in  kiln  dust  cement  was 
considered  as  one  of  the  potential,  economically  feasible  methods  for  disposal 
because  many  cement  companies  dispose  of  an  average  of  100  tons  of  kiln  dust 
per  plant  per  day.^^®^  This  disposal  process  is  accomplished  by  adding  water 
to  the  kiln  dust,  and  pumping  the  mixture  into  the  mining  pits  where  it  cures 
to  a  concrete-like  substance. 


Some  tests  were  run  by  the  Portland  Cement  Association 
to  determine  the  effects  of  encapsulating  GB  salts  in  various  cement  mixtures. 


(30) 


They  found  that: 


•  GB  residue  salts  could  be  added  to  Type  I  clinker 

(55  -  607.  C3S,  16  -  187.  C2S,  10  -  127.  C3A,  7-97.  C4AF) 
in  amounts  up  to  23  -  307.  without  drastically  altering 
the  hydration  characteristics  of  the  cement. 

•  The  GB  salts  had  to  be  acidified  to  a  pH  of  10.2  before 
addition  to  the  clinker  to  prevent  undue  retardation  of 
hydration. 

•  Encapsulation  in  some  cement  mixtures  caused  dimensional 

."■-.r  -  ..  instability  and  excessive  expansion.  ■■■■  .  - 

•  Encapsulation  did  not  prevent  phosphonate  leaching  from 
encapsulated  salts . 

Based  on  these  results,  the  use  of  a  cement  type  matrix 
cannot  be  considered  for  encapsulation. 

2)  Chemical  Fixation 

There  are  companies  which  provide  commercially  available 
fixation  processes.  One  of  these  companies  is  Chemfix,  Xnc.,  of  Pittsburgh, 

Pa.  The  Amy  sent  Chemfix  two  sasqiles  of  GB  salts,  one  containing  sodium  fluoride 
and  one  without.  A  letter  dated  April  7,  1975  from  Chemfix  said  that  the  demilled 
GB  salts  were  not  compatible  with  their  solidification  process.  (See  Appendix  C.) 

3)  Other  Encapsulation  Methods 

There  may  possible  be  other  materials  such  as  plastics  or 
glass  in  which  GB  salts  could  be  encapsulated  for  final  disposal.  Although 
consideration  of  these  materials  is  beyond  the  scope  of  this  study,  it  is  recom¬ 
mended  that  they  be  investigated  with  respect  to  future  disposal  problems. 


17 


b.  Mustard  Salts 


At  the  present  time,  there  have  not  been  any  studies  done 
for  disposing  of  mustard  salts  by  an  encapsulating  method. 

6.  Deep  Well  Injection 

This  method  involves  pumping  the  wastes  into  deep  wells  where  they 
are  contained  in  the  pores  of  permeable  subsurface  rock,  separated  from  other 
groundwater  supplies  by  impermeable  layers  of  rock  or  clay. 

The  deep  well  disposal  method  would  require  an  extensive  investi¬ 
gation  prior  to  disposal.  The  information  needed  may  include  maps  of  the  hydrology 
of  the  area  showing  potable  water  wells,  locations  of  other  minerals,  fracturing, 
porosity  and  engineering  details  of  a  proposed  well  such  as  type  and  size  of  casing 
injection  procedures,  temperature  of  the  material  to  be  injected,  and  pressures 
expected. 


Deep  well  disposal  has  been  a  State  Goverment  responsibility. 

The  Federal  Government  has  been  generally  inactive  in  control  of  groundwater 
quality,  although  the  EPA  has  published  strong  guidelines  concerning  deep  well 
disposal.  Only  a  few  states  have  specific  statutes  concerning  deep  well  disposal 
while  some  others  have  regulations  concerning  industrial  disposals  which  may  be 
used  for  deep  well  disposals. 

The  D.S.  Army  owns  two  deep  wells  but  both  are  out  of  operation. 

One  is  at  Rocky  Mountain  Arsenal  and  the  other  is  at  Newport  Army  Ammunition 
Plant.  The  well  at  RMA  was  closed  after  several  years  of  operation  following 

controversy  about.-the  possible  relation  between  deep  well  injection  and_ earth  _ _ 

tremors  in  the  surrounding'“area.  The  Newport  Well  was  closed  down  after  nind^ 

years  of  successful  production.  This  well  could  be  used  again  because  the  permit 
for  operation  is  in  good  standing  and  the  well  is  in  good  physical  condition. 

Although  the  technical  and  economic  factors  are  favorable,  deep 
well  injection  is  not  highly  desirable  as  a  method  for  disposal  of  GB  and  mustard 
salts  because  of  negative  opinions  expressed  by  environmental  and  regulatory 
agencies.  The  EPA  policy  has  been  to  consider  subsurface  storage  capacity  as  a 
scarce  and  valuable  natural  resource  and  to  oppose  deep  well  injection  unless  all 
other  surface  disposal  alternatives  prove  less  satisfactory. (32)  First  of  all, 
there  is  a  possibility  of  the  groundwater  being  contaminated  as  a  result  of  the 
wastes  not  being  contained  between  impervious  boundaries.  Secondly,  there  are  few 
ideal  locations  for  injecting  hazardous  wastes  and  State  and  Federal  Governments 
will  only  authorize  their  use  when  there  are  no  other  .alternatives .  Inasmuch  as 
the  Army  feels  that  there  are  other  alternatives  and  does  not  want  to  oppose  EPA 
guidelines,  this  concept  was  dropped  from  consideration. 
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7.  Incineration 


a .  GB  Sa It  s 

1)  Incineration  at  Rocky  Mountain  Arsenal 

This  method  has  the  advantage  that  the  GB  salt  remains 
under  U.S.  Army  jurisdiction  during  the  complete  process  with  incineration 
residue  being  landfilled.  In  addition,  transportation  costs  would  be  negligible. 
Because  this  is  such  an  attractive  option,  it  was  subjected  to  further  consider¬ 
ation.  A  more  detailed  discussion  can  be  found  in  Section  III-C. 

2)  Molten  Salt 

A  feasibility  study  was  undertaken  by  Rockwell  Inter¬ 
national  to  evaltiate  the  possibility  of  using  the  Atomic  International  Molten 
Salt  Combustion  Process  to  incinerate  GB  salts. Bench  scale  tests  were 
performed  which  demonstrated  that  the  GB  salts  could  indeed  be  processed  success¬ 
fully.  However,  there  is  currently  no  plant  using  this  process  on  a  scale  large 
enough  to  be  practical.  One  of  the  advantages  of  the  molten  salt  process  is  that 
the  sodium-carbonate -containing-melt  used  serves  as  an  automatic  scrubbing  medium. 
A  big  disadvantage  is  that  the  volume  of  residue  produced  from  the  process  would 
be  larger  than  the  initial  volume  of  GB  salts. 

A  cost  estimate  for  developing  a  plant  large  enough  to 
process  1000  Ib/hr  is  on  the  order  of  $1.8  million.  This  cost  doss  not  include 
the  actual  disposal  operation  which  could  be  on  the  order  of  three  times  that  of 
incineration  in  the  RMA  bulk  furnace  because  the  feed  rate_is  about  one  third 
that  of  the  proposed  RMA  operation-.  It  also  doss  not  include  transportation  and 
contract  support  costs.  Development  of  a  full  scale  molten  salt  incineration 
plant  could  be  on  the  order  of  $1.5  -  2.0  million  greater  than  that  of  the  RMA. 
bulk  furnace  process.  For  this  and  other  reasons,  this  technique  was  dropped 
from  current  consideration. 

b.  Mustard  Salts 

An  incineration  disposal  method  is  not  feasible  for  mustard 
salts  because  of  their  inorganic  conposition. 

8.  Mines  and  Deep  Geological  Formation 

A  ground  burial  disposal  method  at  or  near  the  surface  cannot 
always  be  accon^lished,  particularly  in  regions  with  unfavorable  geological 
conditions  and/or  with  a  high  water  table.  For  these  regions  other  disposal 
nethods  mist  be  found  for  waste  disposal,  and  the  possible  use  of  abandoned  or 
deep  geological  formations  has  certain  advantages. 

Mines  and  geological  salt  formations  have  been  investigated  and 
are  being  prepared  for  use  in  Europe.  For  escample.  West  Germany  is  preparing  to 
convert  underground  rock  salt  formations  into  a  permanent  dump  for  highly  radio- 
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active  nuclear  waste.  The  watertight  rock  salt  formations  are  the  safest 

method  to  prevent  contamination  of  natural  water  reserves. 

The  feasibility  of  storing  hazardous  wastes  in  underground  mines 
in  the  U.S.  was  studies  by  Fenix  and  Scisson,  Inc.  (25)  their  report  to  the 
E?A,  they  concluded  that  such  storage  is  environmentally  acceptable  provided 
that  certain  precautions  relating  to  site  selection,  treatnent,  containerization, 
and  waste  handling  are  followed.  They  indicate  that  the  design  and  operation  of 
an  underground  storage  facility  is  technically  feasible  and  that  possible  locations 
for  such  facilities  currently  exist.  However,  they  feel  that  additional  research 
is  needed  to  close  existing  knowledge  and  technology  gaps,  and  that  this  research 
could  cost  from  2.3  -  3.2  million  dollars.  This  figure  only  reflects  research 
and  does  not  even  include  the  actual  cost  of  disposal  operations.  Because  of  the 
knowledge  gaps  and  because  the  total  cost  is  on  the  order  of  twice  the  estimated 
total  cost  of  some  other  disposal  methods,  this  option  was  dropped  from  consider¬ 
ation  under  the  scope  of  this  program. 

C.  Proposed  Options 

1.  Incineration  of  GB  Salts  at  Rocky  Mountain  Arsenal 
a.  Basic  Features 

'  An  ultimate  disposal  method  for  GB  salts  which  has  received 
considerable  attention  is  incineration  in  one  of  the  furnaces  at  Rocky  Mountain 
Arsenal.  By  incinerating  the  GB  salts,  the  phosphonates  would  be  eliminated, 
thus  reducing  the  total  volume  of  the  wastes.  Also,  the  resulting  residue  could 
be  treated  with  lime  to  form  insoluble  calcium  salts  which  might  be  placed  in  .  - 
sanitary  landfills.  Although  there  arerother  incineration  methods  and  other 
furnaces  available  around  the  country,  performing  the  operation  at  the  RMA  site 
eliminates  the  cost,  time,  and  piiblic  visibility  of  transporting  the  salts  outside 
of  Army  property. 


One  disadvantage  of  the  concept  is  the  generation  of  emissions 
that  must  be  controlled.  In  addition,  the  incineration  of  the  original  salts  is 
only  a  partial  solution  of  the  problem.  Residues  from  the  incineration  must  be 
treated  and/or  disposed  of  to  conylete  the  overall  disposal. 

•  Equipment/Design  Background 

Two  furnaces  at  Rocky  Mountain  Arsenal  were  considered 
by  the  Monsanto  Corporation  for  incineration  of  the  GB  salts. (  '  The  bulk 

furnace  was  originally  used  to  incinerate  hydrazine  and  mustard  liquids.  This 
furnace  uses  a  compressed  air-liquid  atomizer  burner  and  was  designed  to  bum 
about  35  gpm  of  hydrazine  and  3  gpm  of  mustard.  Two-ton  container  furnaces  were 
used  to  vaporize  and  incinerate  mustard  agent  renaining  in  ton  containers.  This 
was  done  by  directly  heating  containers  in  which  holes  had  been  punched.  The 
"interior  of  the  ton  container  furnaces  is  4  ft.  3  in.  wide  by  6  ft.  high  by 
20  ft.  3  in.  long.  Burners  which  consume  about  200  CFM  of  natural  gas  are  placed 
along  the  furnace  walls. 


20 


The  ton  container  furnaces  and  the  bulk  furnace  tie 
into  two  existing  off  gas  scrubbing  systems.  They  can  be  used  alternately  or 
in  parallel.  The  older  of  the  two  scrubbing  systems  consists  of  a  quench 
chamber  containing  four  levels  of  eight  spray  nozzles  each  to  cool  the  incoming 
furnace  gases  and  an  eight-foot  dian^ter  packed  countercurrent  scrubber.  The 
re-circulating  scrubbing  liquid  is  caustic  soda  solution  in  which  the  pH  is 
adjusted  manually  to  maintain  alkalinity.  The  furnace  gases  are  conducted  to 
the  bottom  of  the  scrubber  via  a  26-ft.  long  duct  containing  spray  nozzles  to 
help  prevent  plugging,  and  exit  from  the  top.  The  newer  of  the  two  scrubbing 
systems  is  similar  to  the  older  design  except  that  the  height  of  the  quench 
tower  has  been  increased  to  10  feet  to  accommodate  an  extra  row  of  eight  spray 
nozzles;  a  modification  has  been  s^de  in  the  scrubber  packing;  and  the  pH  of 
the  scrubber  liquid  is  maintained  automatically.  For  a  more  detailed  description 
of  the  existing  furnace  and  scrubbing  systems,  refer  to  Appendix  A. 

b.  Process  Description 


An  analysis  was  undertaken  by  Monsanto  Corporation  to 
assess  the  limiting  factors  of  the  two  furnaces  and  their  applicability  to 
incinerating  the  GB  salts  with  respect  to  such  items  as  heat  release,  residence 
flame  pattern,  refactory  stability,  combustion  temperature  and  excess 
air.'  ■'  Results  were  based  on  past  incineration  practices  with  mustard  agent 
and  hydrazine  and  are  discussed  in  detail  in  Appendix  A. 


The  basic  modes  of  GB  salt. incineration  considered  for  the 
two  furnace  systems  were: 


•  Ton  container;  batch  feed  of  dried  salt  in  either 
powder  or  compacted  lump  form; 

•  Bulk  furnace;  continuous  feed  of  pulverized  salt; 

•  Bulk  f xirnace ;  continuous  feed  of  brine  resulting  from 
the  neutralization  process 

Because  all  of  the  salts  considered  for  this  study  have  already  been  dried  and 
placed  in  storage,  the  third  mode  would  require  an  extra  step  in  re-dissolving 
all  of  the  salts.  The  only  advantage  to  be  gained  by  re-dissolving  the  salts 
is  that  it  would  permit  the  separation  and  salvage  of  some  of  the  NaF  contained 
in  the  salt  mixture.  However,  it  will  be  shown  later  that  this  separation  is 
not  economically  or  operationally  worthwhile  and  therefore  the  use  .of  brine 
solution  for-  the  incineration  process  has  been  dropped  from  further  consideration. 

Design  of  the  ton  container  furnaces  would  require  that  the 
dried  salts  be  fed  batch-wise  in  long  pans  or  continuously  on  a  moving  grate.  A 
problem  with  the  use  of  pans  is  that  of  supplying  enough  oxygen  to  the  salt 
below  the  surface.  The  dried  salt  could  not  be  piled  very  deeply  in  the  pans 
because  ash  formed  on  the  surface  would  prevent  oxygen  from  getting  through  to 
the  bottom,  resulting  in  incon^jlete  incineration.  As  a  result  of  incineration, 
a  molten  NaPo-  -  NaF  glass  would  recain  in  the  pans  which  would  have  to  be 
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removed  with  special  handling  equipment.  There  is  also  the  possibility  that 
sonfi  unburned  salts  would  remain  in  the  '-glass."  The  use  of  grates  to  carry 
the  dried  salt  material  would  aid  incineration  by  allowing  oxygen  to  flow  up 
through  the  dried  salts  or  molten  material  formed  during  incineration  would 
fall  through  the  grates.  Installation  of  catch  hoppers  would  involve  initial 
rebuilding  of  the  furnaces.  For  these  reasons,  consideration  of  the  use  of  the 
ton  container  furnaces  was  dropped,  leaving  incineration  of  the  dried  salts  in 
the  bulk  furnace  as  the  recommended  option. 

Using  their  own  computer  program,  Monsanto  calculated  the 
heat  of  combustion  of  the  dried  GB  salts  to  be  5981  BTU/lb.  This  value 

was  used  to  determine  the  rate  at  which  the  salts  could  be  burned  without 
exceeding  the  design  limits  of  the  furnace  or  create  other  problems.  For 
example,  a  flame  temperature  of  1800°F  was  set  as  a  maximum  because  the  melting 
point  of  NaF  in  the  salt  is  1817. 6°F.  If  the  temperature  in  the  furnace  reached 
this  point,  the  refractory  lining  could  become  coated  with  a  highly  corrosive 
molten  slag.  Various  salt  feed  rates  and  air  supply  rates  sufficient  to  main¬ 
tain  a  temperature  below  1800°F  were  considered.  From  the  standpoing  of  heat 
input  and  residence  time  for  salt  particles  in  the  furnace,  a  feed  rate  of  up 
to  100  Ib/min  could  be  maintained.  However,  in  order  to  keep  the  gas  flow  rate 
through  the  scrubbers  low  enough  to  assure  efficient  cleaning,  the  feed  rate 
would  have  to  be  kept  lower.  The  older  scrubber  system  could  handle  a  feed  rate  ^ 
of  37.5  Ib/min  and  the  newer  scrubber  system  could  handle  a  feed  rate  of  50  Ib/min. 
If  the  scrubbers  were  operated  simultaneously  in  parallel,  a  feed  rate  of  87.5 
Ib/min  could  be  maintained  but  this  was  not  recommended.  A  conservative  value  of 
50  Ib/min  was  suggested  because  it  represents  a  safer  level  for  the  furnace.^  An 
overall  heat  and  material  balance  for  a  feed  rate  of  50  Ib/min  (3000  Ib/hr)  is 
shown  in  Table  1.  — 

Materials  which  would  have  to  be  removed  from  the  incineration 
gases  are  P-O.  gas  and  smoke;  HPO3,  H^PO^  mist  from  partial  or  complete  hydration 
of  P^O^S  NaoO;  NaPOo,  Na2C03,  and  NaF  dust;  and  HE  gas.  The  most  difficult  to 
collect  are  P2O5  smoke,  partially  hydrated  ^2^5  mist,  and  HF  gas.  From 

design  calculations  based  on  a  feed  rate  of  50  Ib/min,  it  was  estimted  that  a 
liquid  recirculation  rate  of  about  230  gpm  would  have  to  be  maintained  in  the 
scrubber.  Approximately  947o  of  the  P2O5  would  be  collected  but  the  renaining 
F^O:,  acid  mist  would  corrode  the  existing  static  precipitator.  The  problem 
could  be  solved  with  the  installation  of  a  high  efficiency  mist  eliminator 
berween  the  scrubber  and  precipitator.  It  is  felt  that  at  least  99.77.  of 
fluoride  in  the  form  of  HF  would  be  absorbed  in  the  scrubber  as  long  as  the  pH 
of  the  scrubbing  solution  were  naintained  between  7.0  and  8.0.  For  more  details 
see  Appendix.  A. 

All  of  the  engineering  calculations  are  based  on  the  assump¬ 
tion  that  the  SIM?  would  be  oxidized  to  P2O5  and  Na20  in  the  1800®F  flame  and 
that  NaF  will  either  remain  as  solid  airborne  NaF  particles  or  will  react  to 
form  HF  and  Na,0.  However,  the  high  temperature  chemistries  could  cause  the 
PoOc  and  Na«0  to  react  and  form  molten  NaP03  which  could  settle  on  the  refractory- 
wills  and  ciuse  corrosive  slagging  problems.  Also,  if  the  temperature  exceeded 
1817. 5°F,  the  NaF  in  the  salt  could  be  liquified  and  the  highly  corrosive  salt 
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Table  1 


Operating  Conditions  for  Bulk  Furnace 
Using  Solid  Detoxified  GB  Salt  Firing 


Fuel  rate:  neutralized  GB  salt 
SIMP 
NaF 

Theoretical  combustion  air: 

O2 

N2  &  inerts 

Excess  air: 

Percent  excess  air: 

Heat  released  (@  25°C)  from 
burning  detoxified  GB  salt: 

Combustion  product  temperature: 
Combustion  products: 

Quantity  &  Composition: 
scfm 

acfm  @  l800°F 

CO2 

H2O 

Theory  N2 
Excess  air 
NaPOs 
NaF 


Sensible  heat  content  of 
combustion  products  above  20®C: 
CO2 
H2O 

Theory  N2 
Excess  air 
Na2F 
NaPOa 


Adiabatic  saturation  temperature 
of  combustion  products: 


50  lb /min 

38.5  lb/min-0.2405  Ib.mol/min 

11.5  lb/min-0.2738  Ib.mol/min 

9.162  Ib.mol/min  (3289  scfm) 
1.92^  Ib.mol/min 
7.238  Ib.mol/min 

10.911  Ib.mol/min  (3917  scfm) 
119? 


17,9^^  Btu/hr 
1800®F  (982®C) 


7,^00 

34,000 

0.962  Ib.mol/min 
1.2025  Ib.mol/min 
7.238  Ib.mol/min 
10.911  Ib.mol/min 
0.2405  Ib.mol/min 
0.2738  Ib.mol/min 


20.8278  lb.mol/-min 


1,187,100  Btu/hr 

1.147.200  Btu/hr 
5,645,000  Btu/hr 

8.602.200  Btu/hr 
372,900  Btu/hr 
989,000  Btu/hr 


17,944,000  Btu/hr 


80.1°C 


Source:  Hedley,  W.  H. ,  et  al;  •’Disposal  of  Detoxified  Chemical  Agents" 
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could  adhere  to  the  refractory  walls.  Consideration  was  given  to  removing 
the  NaF  prior  to  incineration.  However,  a  separate  study  by  Monsanto*  showed 
that  only  about  60-80%  of  the  NaF  could  be  filtered  out.^2^5  This  would  leave 
20-40%  which  would  still  present  a  significant  corrosion  problem.  In  addition, 
the  least  expensive  separation  technique  which  also  allows  for  depreciation  and 
a  75%  salvage  value  for  equipment,  places  a  cost  of  $1. 21/lb  to  separate  the 
NaF.  For  1,512,000  lbs  that  could  be  recovered,  this  represents  a  cost  of 
$1.83  million.  The  estimated  market  value  of  N^  is  15-20  cents/lb,  leaving  a 
net  increase  in  overall  cost  due  to  the  separation  option  of  over  $1.5  million. 
Based  on  this  data,  the  separation  of  NaF  could  not  be  justified  from  a  cost 
or  corrosion  elimination  standpoint  and  it  was  dropped  from  consideration. 
However,  Monsanto  recommended  a  mere  complete  operation  and  control  study  based 
on  bench  scale  tests. 

Pilot  tests  of  incineration  of  neutralized  GB  sales  with 
NaF  removed  were  perforned  at  Edgewood  and  reported  by  Cavey.(^O)  The  tests 
were  designed  to  incinerate  NaF-free  pulverized  dried  GB  salts  in  a  system 
that  would  simulate  the  bulk  furnace  at  RMA>.  The  purposes  were  to  determine: 

1)  if  the  phosphorous -carbon  bond  could  be  broken; 

2)  if  agent  GB  would  be  reformed  from  residual  NaF  during 

the  incineration; 

3)  if  the  products  of  the.  conibustion,  e.g.,  NaPO-,  condense 

on  and  react  with  the  fire  brick  and  cause  slagging;  ^ 

4)  salt  deposits  in  the  furnace  in  general. 

The  results  showed  that; 

•  SIM?  destruction  efficiency  was  98-99%. 

•  No  organic  phosphorous  was  detected  in  deposits  on 

furnace  walls. 

•  No  GB  agent  was  detected  in  effluent  streams. 

•  Considerable  salt  deposits  were  found  on  the  wall 
opposite  the  feed  nozzle.  These  were  found  to  be  orthophosphate. 

A  test  brick  suspended  in  the  furnace  to  collect  deposits 
was  sent  to  Monsanto  Corporation  for  analysis  and  slagging  determination.  Based 
on  preliminary  results  from  Monsanto,  the  removal  of  NaF  is  not  cost  effective. 
These  results  along  with  those  of  additional  bench  scale  tests  using  GB  salts 
containing  their  full  complement  of  NaF  should  be  considered  before  making  any 
decision  to  utilize  the  RMA  furnaces  for  incineration  of  GB  salts. 
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c.  Proposed  Operation 

A  flow  chart  of  the  proposed  operation  is  shown  in  Figur'e  1. 
Pulverized  dried  whole  GB  salts  would  be  fed  to  the  RMA  bulk  furnace  at  a  rate 
of  50  Ib/min.  The  feed  rate  and  "air  su^ly  would  be  closely  controlled  to 
naintain  a  flame  temperature  below  1800^  to  prevent  slagging  problems  from 
molten  NaF.  Removal  of  the  NaF  prior  to  incineration  is  very  expensive  and 
does  not  eliminate  the  corrosion  and  emission  problems.  It  is  therefore  not 
recommended.  Predicted  combustion  products  of  ^2^5’  Na2C02i  NaF,  and  HF 

would  be  eliminated  with  the  existing  packed  bed  scrubbers,  high  efficiency  mist 
eliminator  and  electrostatic  precipitator.  No  air  pollution  would  result  because 
the  predicted  overall  emission  recovery  is  99.9997%^^^'.  The  incineration  residue 
would  be  treated  with  lime  (calcium  hydroxide)  to  make  insoluble  land-fillable 
conpounds  which  would  present  no  soil  or  water  pollution. 

The  costs  for  modification  of  existing  equipaent,  procure¬ 
ment  of  required  additional  equipment,  and  variable  costs  based  on  a  feed  rate 
of  50  Ib/min  are  presented  in  Appendix  A.  A  sumaary  of  the  overall  costs  to 
incinerate  approximately  8K  tons  of  GB  salts  is  as  follows:^  ' 


Pilot  Scale  Testing  of  Design  Concept  $  150K 

Prepare  Contract  Scope  &  Coordination  for  above  lOK 

Design  Criteria  for  Production  Equipment  20K 

Design  Contract  for  Production  Equipment  20K 

Hadification  and  Installation  &  Capital  Equipment  1, lOOK 
Run-in  of  Full  Scale  System  lOOK 

Production  Disposal,  including  disposal  of  ash 

or  scrubber  sludge  400K 

Prepare  Addendum  to  M34  EIS  40K 

-  -  $  1,840K 


d.  Status 

The  incineration  of  the  GB  salts  at  RM.4  is  a  viable  theoretica 
option  although  many  factors  would  have  to  be  proved  or  verified  by  bench  scale 
tests  before  modification  design  factors  could  be  firmly  established.  Because 
there  are  many  areas  of  design  and  operation  that  are  uncertain  and  because  the 
costs  involved  are  largely  theoretical  estinates  without  basis  in  actual  perform¬ 
ance,  development  of  an  incineration  plant  presents  a  riskier  approach  than 
sote  other  disposal  techniques. 

2«  Chemical  Waste  landfill;  GB  and  Mustard  Salts 
a.  Basic  Features 

For  years,  landfills  have  been  used  as  a  means  of  disposing 
of  many  types  of  waste  materials,  including  an  increasing  quantity  of  hazardous 
wastes.  Because  of  the  pollution  danger  created  by  hazardous  wastes,  restrictions 
on  the  types  of  landfills  used  for  disposal  have  been  developed.  Up  until  now, 
land-based  hazardous  waste  treatment,  storage,  and  disposal  activities  have  been 
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Figure  1.  P16w  Sheet  for  Incineration  of 
Detoxified  GB  Residue  at  RMA 


essentially  unregulated  at  the  federal  level  except  for  radioactive  and 
pesticide  wastes.  At  the  state  level,  Oregon,  California,  New  York,  and 
Minnesota  have  enacted  hazardous  waste  legislation  and  rigid  federal  legis¬ 
lation  is  pending.  These  regulations  have  created  the  need  for  ’’chemical 
waste  landfills.  By  design,  chemical  landfills  "provide  complete  long-term 
protection  from  hazardous  waste  deposited  therein,  and  against  hazards  to 
public  health  and  the  environment."^^-*''  The  sites  are  engineered  to  prevent 
direct  continuity  with  surface  and  subsurface  water,  leachates  nay  either  be 
contained  by  natural  or  artificial  impervious  barriers  or  may  be  collected 
in  sun^s  and  recycled  through  the  landfill.  Test  wells  around  the  boundaries 
of  the  landfill  site  are  used  to  monitor  for  seepage  and  leachate  so  that  if 
any  problems  do  develop,  they  can  be  corrected  before  they  cause  environmental 
damage.  Wastes  nay  be  segregated  in  the  landfill  or  encapsulated  in  sone 
manner  to  prevent  reactions  with  each  other. 

Under  current  laws,  chemical  landfills  must  be  licensed  by 
the  state  in  states  which  have  land  solid  waste  disposal  laws.  Proposed 
federal  legislation  would  define  regulated  wastes  and  parameters  for  the 
operation  of  chemical  waste  landfills  and  require  permits  to  operate.  The 
permits  could  be  granted  at  the  state  level  as  long  as  the  state  restrictions 
were  as  stringent  as  federal  restrictions.  In  fact,  there  is  a  good  probability 
that  federal  regulations  will  be  based  on  existing  laws  of  states  such  as 
California  which  have  been  forerunners  in  solid  waste  legislation.  As  an 
illustration,  the  criteria  for  a  California  Class  I  hazardous  waste  landfill 
are  shown  in  Table  2. 


In  general,  chemical  waste  landfills  should  take  advantage 
of  natural  geologies,  topographic,  lydrologic,  and  climatic  conditions  wherever 
possible.  Where  necessary,  engineering  design  must'  overcome  natural  drawbacks.”' 
General  criteria  which  should  be  considered  in  evaluating  a  chemical  waste 
landfill  site  are  presented  in  Table  3.  These  criteria  should  be  carefully 
examined  because,  in  spite  of  careful  engineering  design,  accidents  may  (and 
have)  occurred.  Union  Carbide  experienced  some  drainage  problems  during 
initial  operation  of  their  own  chemical  landfill.  Rollins  Environmental 

Services  experienced  some  holding  basin  failures  using  rubber  and  clay  liners 
and  had  to  switch  to  a  Hypalon-over-concrete  liner. Examination  of  the 
past  operating  history  of  any  chemical  landfill  operation’s  past  history, 
reputation,  and  system  of  safeguards  is  essential.  This  is  especially  true 
with  persistent  waste  materials  that  would  extend  the  active  life  of  any  land¬ 
fill  and  present  problems  many  years  in  the  future.  For  example,  one  waste 
disposal  company  discovered  arseni^ leaching  into  its  monitoring  wells  after 
many  years  of  service  since  1933.  Because  of  the  continuous  testing,  the 

problem  was  discovered  and  corrected  before  the  contaminant  entered  the  city 
water  supply. 
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Table  2 


Criteria  for  California  Class  I  landfill 


(1)  Geological  conditions  are  naturally  capable  of  preventing  hydraulic 
continuity  between  liquids  and  gases  emanating  from  the  waste  in  the  site  and 
usable  surface  or  groundwaters. 

(2)  Geological  conditions  are  naturally  capable  of  preventing  lateral 
hydraulic  continuity  between  liquids  and  gases  emanating  from  wastes  in  _ 
site  and  usable  surface  or  ground  waters,  or  the  disposal  area  has  been  modified 
to  achieve  such  capability. 

(3)  Underlying  geological  fornations  which  contain  rock  fractures  or  I 
fissures  of  questionable  pemaability  must  be  permanently  sealed  to  prwide  a 
competent  barrier  to  the  ncvement  of  liquids  or  gases  from  the  disposal  site 

to  usable  water. 

t 

I  (4)  Inundation  of  disposal  areas  shall  not  occur  until  the  site  is 

closed  in  accordance  with  requirements  of  the  regional  board. 

(5)  Disposal  areas  shall  not  be  subject  to  washout. 

(6)  leachate  and  subsurface  flow  into  .the  disposal  area  shall  be 
contained  within  the  site  unless  other  disposition  is  made  in  accordance  with 
requirenents  of  the  regional  board. 

(7)  Sites  shall  not-be  located  over  zones  of. active  faulting  or  where 
other  forms  of  geological  change  would  inpair  the  coupe tence  of  natural 
features  or  artificial  barriers  which  prevent  continuity  with. usable  waters. 

(8)  Sites  made  suitable  for  use  by  man-made  physical  barriers  shall 
not  be  located  where  improper  operation  or  maintenance  of  such  structures  cou 
permit  the  waste,  leachate,  or  gases  to  contact  usable  ground  or  surface  water. 

(9)  Sites  which  comply  with  (1),  (2),  (3),  (5),  (6),  (7),  and  (8) ,  but 
would  be  subject  to  inundation  by  a  tide  or  a  flood  of  greater  than 
frequency  may  be  considered  by  the  regional  board  as  a  limited  Class  I  disposal 

site. 
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Table  3 


Chetolcal  Waste  landfill  Selection  and  Evaluation  Criteria 
From  "landfill  Disposal  of  Hazardous  Wastes: 

A  Review  of  literature  and  Known  Approaches 


(1)  Chemical  waste  landfills  ideally  should  be  located  in  areas  of 
low  population  density,  low  alternative  land  use  value,  and  low  groundwater 
contamination  potential. 

(2)  All  sites  should  be  located  away  from  flood  plains,  natural 
depressions,  and  excessive  slopes. 

(3)  All  sites  should  be  fenced,  or  otherwise  guarded  to  prevent  public 

access. 

(4)  Wherever  possible,  sites  should  be  located  in  areas  of  high  clay 
content  due  to  the  low  permeability  and  beneficial  adsorptive  properties  of 
such  soils. 

(5)  All  sites  should  be  within  a  relatively  short  distance  of  existing 
rail  and  highway  transportation. 

(6)  Major  waste  generation  should  be  nearby.  Wastes  transported  to 
the  site  should  not  require  transfer  during  shipment. 

(7)  All  sites  should  be  located  an  adequate  distance  from  existing 
wells  that  serve  as  water  supplies  for.  human  or  animal  consumption. 

(8)  Wherever  possible,  sites  should  have  low  rainfall  and  high  evapora¬ 
tion  rates. 

(9)  Records  should  be  kept  of  the  locations  of  various  hazardous  waste 
types  within  the  landfill  to  permit  future  recovery  if  economics  permit.  This 
will  help  facilitate  the  analysis  of  causes  if  undesirable  reactions  or  other  j 
problems  develop  within  the  site. 

(10)  Detailed  site  studies  and  waste  characterization  studies  are 
necessary  to  estimate  the  long-term  stability  and  leachability  of  the  waste 
sludges  in  the  specific  site  selected. 

(11)  The  site  should  be  located  or  designed  to  prevent  any  significant 
predictable  leaching  or  run-off  from  accidental  spills  occurring  dturing  waste 
de livery. 

(12)  The  base  of  the  landfill  site  should  be  a  sufficient  distance  above 
the  high  water  table  to  prevent  leachate  movement  to  aquifers..  Waste  leach¬ 
ability  and  soil  attenuation  and  transmissivity  characteristics  are  inyortant^ 
in  determining  what  is  an  acceptable  distance.  Evapo transpiration  and  precipi-  | 
tation  characteristics  are  also  inportant.  The  use  of  liners,  encapsulation. 
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Table  3.  Page  2 

detoxification,  and/or  solidification/fixation  can  be  used  in  high  water  or 
poor  soil  areas  to  decrease  groundwater  deterioration  potential. 

(13)  All  sites  should  be  located  or  designed  so  that  no  hydraulic 
surface  or  subsurface  connection  exists  with  standing  or  flowing  surface  water. 
The  use  of  liners  and/or  encapsulation  can  prevent  hydraulic  connection. 

(14)  In  arid  regions  where  the  cuniulative  precipitation  is  less  than 
eyapo transpiration,  water  will  not  likely  accumulate  in  the  landfill  or 
migrate  through  the  soil.  Under  sxich  conditions,  leachate  containment 
precautions  (liners,  etc.)  will  not  be  necessary  unless  the  water  table  is 
high  or  large  quantities  of  liquid  wastes  are  disposed. 

(15)  Unless  leachate  generation  or  escape  is  prevented  in  some  manner, 
such  as  by  encapsulation,  location  in  arid  regions  or  naturally  iapemfiable 

asins,  or  by  ianediate  cover  with  an  imperafiable  membrane  to  prevent  infiltra¬ 
tion,  it  will  be  necessary  to  line  the  basin  with  an  impernfiable  membrane, 
i  collect  the  leachate  in  headers,  and  recycle  it  through  the  fill  or  puap  it  to 
jan  appropriate  treatment  facility. 

I 

t 

I  (16)  All  liners,  cover  materials,  and  encapsulating  materials  must  be 

tested  or  have  known  chemical  resistance  to  the  materials  it  will  contain  or 
might  otherwise  cone  in  contact  with.  Ideally,  such  naterials  should  have  an 
effective  life  greater  than  the  toxic  life  of  the  wastes  they  contain. 

(17)  Studies  will  be  necessary  to  determine  general  site  monitoring 
:  requirements .  Hydro-geological  monitoring  will  be  required  to  detect  routine 
and  accidental  releases  of  liquid  effluents.  A  system  of  observation  wells 
should  be  installed  in  aquifers  around  the  site  and  concentrated  in  potential 
water  and  waste  movement  paths  downgradient  from  the  site.  A  monthly  satpling 
frequently  has  been  suggested  by  one  source.  Downstream  monitoring  stations 
and  a  bimonthly  sampling  frequency  were  suggested  for  surface  streams  in  the 
site  vicinity. 
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A  list  of  some  of  the  chemical  landfills  registered  with 
their  states  or  recognized  by  the  Office  of  Solid  Waste  Managenfint  Programs 
(OSWMP)  of  the  EPA.  are  presented  in  Table  4.  The  list  merely  represent  those 
companies  that  were  discovered  in  literature  surveyed.  It  is  not  all-inclusive 
and  inclusion  in  the  list  is  in  no  way  meant  to  imply  preference  or  special 
consideration  for  award  of  contract. 


b.  Process  Description 


Several  comnercial  chemical  landfill  conpanies  were  con¬ 
tacted  and  visited  by  Edgewood  Arsenal  Disposal  Engineering  Division  personnel 
in  connection  with  the  disposal  of  mstard  salts.  Informtion  gained  from 
these  contacts  is  discussed  below.  Further  information  is  included  in 
Appendix  E.  These  preliminary  contracts  were  made  for  the  purpose  of  gathering 
general  operating  information  and  are  not  intended  to  imply  that  any  preference 
be  given  these  particular  conpanies  or  to  exclude  consideration  of  any  other 
qualified  waste  nanagement  contractor. 

•  Chem-Trol 


Chem-Trol  Pollution  Services  in  Model  City,  N.Y.  ,  uses 
a  closed-loop  type  of  waste  maintenance  system.  The  landfill  is  a  sutp  with 
two  layers  of  impermeable  clay  with  a  30-mil  welded  seam  chlorinated  poly¬ 
ethylene  (Hypalon)  liner  between  the  layers.  Inter^l  sumps  collect  leachate 
which  is  subsequently  treated  as  required  and  .recycled  to  the  landfill.  Chem- 
Trol  has  provided  the  Aray  with  data  concerning  the  leachate  treatnent  process^ 
but  they  have  indicated  that  it  is  proprietary  information.  Detailed  information 
is  not  presented  in  this  report  but  is  available  from  Mr.  Robert  Epstein  of 
Edgewood  Arsenal. 


Chem-Trol  is  licensed  by  the  state  of  New  York  and 
registers  all  wastes  with  them.  When  a  landfill  area  is  filled,  it  is  sealed 
with  a  clay  cap  and  registered  with  the  county.  They  take  title  to  the  wastes 
when  they  accept  them  and  continuously  monitor  waste  areas  by  drawing  leachate 
from  the  internal  susps  or  standpipes. 


Chem-Trol  has  indicated  that  they  would  take  the  austard 

salts  but  not  the  GB  salts.  A  trial  run  of  60,000  (^0  “ihe^ 

salts  is  being  processed  by  Chem-Trol  under  Contract  DAAA15-75-M-2935.  There 

is  no  indication  that  any  problems  have  occurred. 


•  Wes -Con  Inc. 


Was -Con  of  Twin  Falls,  Idaho  owns  a  deactivated  Titan 
Missile  Site  which  has  an  underground  storage  capacity  of  1.5  million  cubic 
feet.  Storage  facilities  are  silos  and  vaults  with  side  walls  and  floors  of 
four  to  thirteen  feet  of  steel  reinforced- concrete  and  110- ton  doors  to  cover 
the  top.  Wes -Con  is  licensed  by  the  Idaho  Department  of  Health  and  was  _ 
originally  founded  to  dispose  of  toxic  chemicals  and  pesticides.  _  It  was  S’-ven 
a  permit  L  the  basis  of  environmental  impact  studies  that  took  into  account  the 
depth  of  the  aquifer  (up  to  3000  ft),  prevailing  winds,  wild  life,  population 
density,  precipitation,  and  alternate  land  use . 
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Table  4 

Some  Private  Commercial  Hazardous 
Waste  Management  Companies 
(Not  inclusive) 


1.  Rollins  Environmental  Service,  Inc. 
3208  Concord  Pike 

Wilmington,  Delaware  19899 

2.  Chem-Trol  Pollution  Services,  Inc. 
P.O.  Box  200 

Model  City,  N.Y.  14107 

3.  Hyon  Waste  Treatment  Services 
Chicago,  Illinois  60617 

4.  Conservation  Chemical  Company 
Kansas  City,  Missouri 

5.  Nelson  Chemical  Company 
12345  Schaefer  Highway 
Detroit,  Michigan  48227 

6.  Wes-Con  Inc.  -  - 

Twin  Falls,  Idaho  83301 

7.  Nuclear  Engineering  Company  Inc. 
Box  156 

San  Ramon,  California  94583 

8.  BKK  Corporation 
Wilmington,  California  90744 
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The  Army  could  place  the  already-drumned  salts  into 
the  silos  or  the  drums  could  be  emptied  and  the  loose  salts  dumped  into  the 
silos.  The  first' approach  would  take  up  more  storage  space  and  hence  cost 
more,  but  has  a  slight  safety  advantage  because  of  the  added  "encapsulation" 
provided  by  the  drums.  The  second  approach  would  allow  more  efficient  packing 
of  the  salts  and  salvage  of  the  drums  but  would  expose  the  salts  to  the  silo 
walls.  If  no  liquids  or  liquid  wastes  are  allowed  to  enter  the  silo,  there 
should  be  no  problem  due  to  corrosion  of  or  leaching  into  the  silo  walls. 

•  Nuclear  Engineering  Company  Inc. 

Nuclear  Engineering’s  Beatty  Nevada  site  is  a  trench 
burial  landfill  leased  from  the  State  of  Nevada.  One  section  is  for  radio¬ 
active  wastes  and  another  for  chemical  wastes.  Each  trench  is  35  feet  deep  x 
500  feet  long  x  70  feet  wide.  The  drumaEd  salts  would  be  placed  in  the  trench 
and  the  trench  mounded  with  earth  to  achieve  a  soil  coverage  of  approximately 
15  feet.  Each  trench  is  marked  with  a  concrete  monunent  as  a  record  of  the 
type  and  quantity  of  the  material  in  the  trench. 

The  site  earns  its  classification  as  a  chemical  land¬ 
fill  because  of  a  natural  clay  liner  180  -  200  feet  thick  and  an  annual  rain¬ 
fall  of  less  than  2  inches.  The  water  table  in  the  area  is  more  than  360  feet 
deep  and  the  nearest  civilization  is  more  than  11  miles  away.  There  are 
observation  wells  around  the  waste  areas  which  are  monitored  once  a  month  along 
with  soil  and  air  tests.  Nuclear  Engineering  .is  licensed  by  the  State  of 
Nevada  and  has  a  14-year  record  of  safe  operation. 

Nuclear  Engineering  also  has  disposal  sites  at  Robstown, 
Texas  and  Sheffield,  Illinois.  These  sites  could  also  J>e.  considered  for 
disposal  of  the  salts. 

c.  Proposed  Operation 

Use  of  a  chemical  landfill  presents  one  of  the  simplest, 
most  straightforward  options.  Drummed  salts  would  be  loaded  on  rail  cars  or 
trucks  at  Rocky  Mountain  Arsenal  and  transported  to  the  landfill.  The  landfill 
conqjany  would  take  title  to  the  salts  and  emplace  them.  Mustard  salts  in  bulk 
storage  at  RMA  may  have  to  be  drummed  before  shipment.  Loading  and  drumming 
operations  nay  be  performed  by  Army  personnel  or  contractors. 

Because  of  the  varieties  of  landfill  operations  it  is  not 
possible  to  say  exactly  how  the  salts  would  be  handled.  It  would  depend  on 
the  particular  contractor.  In  fact,  there  is  no  reason  to  believe  that  all  of 
the  salts  would  necessarily  have  to  go  to  the  same  landfill.  Regardless  of  the 
landfill,  certain  precautions  would  be  specified: 

•  isolation  of  the  mustard  and  GB  salts  from 
other  chemicals  in  the* landfill  and; 

•  isolation  of  the  GB  salts  from  adverse  environ- 
nents  which  could  produce  hazardous  byproducts. 
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Costs  for  individual  landfills  would  vary  as  a  result  of 
techniques  employed,  likewise,  there  would  be  variations  in 
transportetion  costs  because  the  different  locations  of  chemical  landfills 

this  study,  an  average  rate  for  landfill 
operations  will  be  considered  based  on  data  obtained  from  several  contractors 
isee  Apendix  E) .  Shipping  costs  are  based  on  an  average  rate  for  rail  ship- 
^nt  (Appendix  E) ,  and  estimated  total  distance  of  1300  miles  (average)  for 

.nn/I  ‘  N.Y.  Using  an  average  emplacetent  rate 

of  ?66/ton,  a  shipping  rate  of  $  0564/ ton/mile,  and  estimated  support  costs 
supplied  by  Edgewood  Arsenal,^  ^  the  estimated  costs  for  GB  and  mustard 
salt  disposal  by  chemical  landfill  are: 


GB  Salts 
Loading  at  RMA 

Transportation  (average  for  1300  mi.) 
Contract  for  controlled  landfill 
Prepare,  coordinate  contract 
Prepare  anfindnent  to  EIS 


Total 


$  lOOK 
513K 
500K 
50K 
40K 


$1203K 


Mustard  Saifs 
loading  at  RMA 

Transportation  (average  for  1300  mi.) 
Contract  for  controlled  landfill 
Prepare,  coordinate  contract 
Prepare  amendment  to  EIS 


$  60K 

30  8K 
300K 
20K 
40K 


Total  $  728K 


d.  Status 


..  .  .  ^  ,  The  use  of  chemical  landfills  is  a  prine  candidate  for 

disposition  of  the  waste  salts  because  of  its  short-term  availability^  relative 
low  cost,  acceptance  by  state,  local,  and  federal  regulatory  agenciej- 

mv  be  features.  In  fact,  the  use  of  a  chimical  landfill 

my  be  the  only  economical  disposal  technique  for  mustard  salts  within  the 
cu^ent  operational  state  of  the  art.  However,  there  are  sose  quesuL  and 
unknawns  associated  with  the  chemical  landfill  disposal  option  that  require 
further  definition.  These  include  such  items  as:  require 


•  verifying  that  enough  chemical  landfill  contractors 
will  accept  the  GB  salts  in  significant  quantities, 
(many  have  already  agreed  to  accept  the  mustard  salts) 

•  determining  the  necessity  of  drumming  mustard  salts  in 
bulk  storage  vs.  shipping  loose  salts 
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•  disposition  of  drums  (emplaced  in  landfill  or  recovered 
for  scrap) 

•  determining  the  need  for  any  special  handling  in  trans¬ 
port  or  temporary  storage 

3.  Ocean  Dun?)  -  GB  Salts 
a.  Basic  Features 

Dunqjing  of  chemical  wastes  into  the  ocean  is  a  disposal 
technique  that  has  been  employed  by  the  chemical  process  industry  for  many  3rears. 
Because  the  demilled  agent  salts  are  highly  soluble  and  many  of  their  constituents 
are  similar  to  those  in  ocean  water,  releasing  them  into  the  ocean  appeared  to  be 
a  very  simple  and  economical  disposal  technique.  The  salts  would  be  shipped  via 
rS’il  to  an  ocean  port  where  it  would  be  turned  over  to  a  private  dumping  contractor. 
The  contractor  would  then  proceed  with  the  dumping  operations  according  to  govern¬ 
ment  specifications  and  regulations.  However,  federal  legislation  enacted  in  the 
past  few  years  has  severely  restricted  ocean  dumping  practices  and  reduces  the 
straightforward  simplicity  of  the  system. 

Ocean  dumping  is  regulated  by  the  Federal  Water  Pollution 
Control  Act,  Water  Quality  Improvement  Act  of  1970,  Federal  Water  Pollution 
Control  Act  Amendnents  of  1972,  and  Marine  Protection,  Research,  and  Sancttiaries 
Act  of  1972.  The  l&rine  Protection,  Research  and  Sanctuaries  Act  forbids  the 
dumping  of  any  mterial  in  the  ocean  (except  dredged  soil  which  is  controlled  by 
the  Corps  of  Engineers)  without  an  EPA  permit.  Certain  naterials  such  as  chemical 
warfare  agents  and  radioactive  materials,  are  absolutely  prohibited.  Sone,  such 
as  cadmium  and  mercury  are  prohibited  in  all  but  trace  quantities  specified  by 
regulation.  Others,'  such  as  inorganic  fluorides  and  organic  phosphorous  coii^>ounds 
require  special  care  and  the  proof  that  they  will  not  cause  harm  to  marine  life 
based  on  bioassay  tests.  Because  of  the  nature  of  the  compounds  coii^>rising  the 
waste  salts,  an  interim  special  permit  would  be  required.  This  type  of  permit 
would  be  granted  in  the  case  where  no  other  feasible  alternatives  were  currently 
available. 


b.  Process  IXescription 

Preliminary  bioassay  tests  were  performed  by  the  U.  S.  Army 
Environmental  Ifygiene  Agency  to  determine  if  the  wastes  would  be  safe  to  ocean 
duaq).^  ^  ^  The  mustard  salts  were  found  to  be  significantly  toxic  in 

concentrated  form.  In  addition  they  had  a  cadmium  content  on  the  order  of  26 
times  greater  than  the  minimum  allowed  by  the  EPA  and  a  mercury  content  about 
40%  over  the  limit.  It  was  felt  that  these  conditions  would  be  too  severe  to 
grant  an  interim  special  permit.  The  CT  salts  could  be  toxic  in  concentrated 
form  but  dilution  to  4.5  mg/l  in  the  dumping  zone  would  prevent  harm  to  the  algae, 
fish  and  shrin^)  examined  in  the  preliminary  bioassay.  The  only  metal  conponent 
that  is  above  the  allowable  trace  concentration  is  cadmium.  However,  the  average 
of  all  the  lots  of  GB  salts  sanpled  is  only  about  twice  the  allowable  limit  and 
it  is  felt  that  this  is  not  too  extreme  for  the  granting  of  a  special  interim. 
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permit.  In  fact,  by  singling  out  the  few  production  lots  with  very  high 
cadmium  levels  for.  special  handling  and  disposal,  it  may  be  possible  to  bring 
the  overall  average  cadmium  level  for  the  renaining  quantity  closer  to  the 
regulatory  limit.  This  idea  was  tested  with  the  sample  analysis  done  by  AEHA, 
which  is  representative  of  507.  of  the  GB  salts.  (Appendix  D)  In  this  sanple 
distribution  for  example,  lot  #39  accounts  for  only  3.917.  of  the  total  quantity 
of  salts  but  because  of  the  high  cadmium  level,  accounts  for  over  507.  of  the 
cadmium.  Revised  overall  cadmium  levels  were  estimated  by  eliminating  selected 
lots  from  the  distribution  (Appendix  D) .  By  eliminating  lot  nunbers  26,  30,  33, 
and  39  (about  57.  of  the  total)  ,  the  average  cadmium  concentration  would  be 
reduced  to  .67  mg/kg,  very  close  to  the  EPA  limit.  If  lot  numbers  8,  9,  10,  26, 
27,  30,  33,  35,  38,  and  39  were  eliminated  (approximately  127.  of  the  total),  the 
average  cadmium  level  would  be  reduced  to  .49  mg/kg.  The  eliminated  lots  could 
be  given  special  handling,  e.g.,  placed  in  a  chemical  landfill.  Before  any 
decision  could  be  smde  concerning  the  segregation  of  certain  production  lots, 
an  analysis  of  a  sample  distribution  representative  of  all  of  the  salts  would 
be  necessary. 


Several  towing  and  dumping  services  were  contacted  by  the 
Arn^  to  determine  if  they  would  accept  the  task  and  to  obtain  cost  estimates. 

Some  indicated  that  they  had  the  equipment  to  handle  the  waste  salts.  It  was 
assumed  that  those  accepting  the  job  would  comply  with  all  dilution  specifications 
and  regulatory  requirements. 

c.  Proposed  Operation 

Before  any  material  can  be  dumped,  a  permit  must  be  obtained 
from  the  EPA.  The  permit  application  would  be  based  on  a  comprehensive  Environ¬ 
mental  Impact  Statement  which,  in  turn,  would  require  a  detailed  bioassay  for 
the  mmrine  life  indigenous  to  the  selected  dump  site.  Selection  of  the  dump 
site  would  require  examination  of  factors  such  as  prevailing  ocean  currents, 
nearby  commercial  fishing  grounds,  etc.  In  addition,  public  hearings  would 
likely  be  required  to  justify  the  overall  benefit  and  need  for  ocean  dump 
disposal. 


As  with  chemical  landfill  disposal,  the  salts  would  be 
loaded  on  rail  cars  by  Army  personnel  at  Rocky  Mountain  Arsenal,  transported 
to  a  p  re -determined  port,  and  released  to  a  private  contractor  for  dumping. 
Dilution  and  handling  requirements  would  be  specified  as  part  of  the  dtimping 
contract.  Maintaining  proper  dilution  levels  would  reduce  or  eliminate  short 
term  harm  to  marine  life.  Possible  long  term  effects  of  cadmium  levels  would 
have  to  be  examined  and  addressed  in  the  EIS. 

Cost  of  transportation  is  based  on  an  average  rail  shipping 
rate  of  $.0564/ ton/mile  for  1450  miles.  The  rate  is  the  same  as  that  used  for 
the  chemical  landfill  options  (Appendix  E).  The  distance  of  1450  miles  is 
selected  as  an  average  estimate  from  Denver  to  either  east  or  west  coast.  Costs 
could  vary,  depending  on  the  port  used  for  the  dumping  site.  A  summary  of  costs, 
including  estimates  provided  by  Edgewood  Arsenal  for  backup  and  support  costs  is 
as  follows. 
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Load  at  RM.^  $  75K 

Transportation  to  port  (average  to  573K 

east  or  west  coast) 

Unload  at  port  75K 

Ocean  Dump,  including  loading  barges  150K 

Bioassays  25K 

Prepare  permit  application  15K 

Prepare,  coordinate  contract  50K 

Prepare  anendnent  to  EIS  40K 

Prepare,  respond  to  public  hearings  20K 


$1023K 


d.  Status 

Ocean  dumping  is  a  very  attractive  disposal  technique 
because  of  its  relative  simplicity,  lew  cost,  and  permanence.  However,  current 
legislation  makes  obtaining  a  permit  difficult  and  future  laws  may  make  it 
ioqiossible.  Changes  in  ocean  dumping  laws  must  be  monitored  closely  between 
now  and  the  time  a  final  disposal  method  is  selected. 

The  analysis  presented  later  for  ocean  dumping  of  GB  salts 
is  based  on  estimates  provided  by  the  Arny.  Much  of  this  data  is  of  a  preliminary 
nature,  particularly  where  bioassays,  ecological  and  legal  documentation,  and  in- 
process  monitoring  are  concerned.  In  contrast  to  the  other  disposal  options 
which  take  place  under  government  control  or  which  are  permanently  monitored  or 
controlled,  ocean  dunging  represents  an  intentional,  overt  addition  of  waste 
material  to  the  ecological  system.  Even  though  safety  to  the  environment  must 
be  demonstrated  through  the  process  of  obtaining  a  permit,  the  open  dunging  of 
wastes  into  the  ocean  is  more  apt  to  arouse  the  sensitivities  of  environnent- 
alists.  For  this  reason,  it  is  felt  that  soiffi  of  the  analyses,  data  reporting 
and  public  relations  may  be  more  extensive  than  expected  and  their  eventual 
costs  higher  than  shown. 

4.  Proposed  Options  Summry 

From  preliminary  review  of  available  data  and  information,  three 
disposal  methods  are  feasible  for  the  GB  salts  but,  for  the  mustard  salts,  only 
the  chemical  landfill  option  appears  feasible  in  the  near  term.  For  this  reason, 
only  the  6B  disposal  options  are  subjected  to  a  cooplete  systems  analysis 
(Section  IV)  .  However,  even  though  chemical  landfill  is  the  choice  by  default  for 
the  mustard  salts,  knowledge  gap  ratings  are  derived  and  cost  and  schedule  data 
are  presented  later  along  with  the  evalijation  for  GB  salt  disposal  for  comparative 
purposes. 


a.  Advantages  and. Disadvantages 

A  summary  of  sone  of  the  advantages  and  disadvantages  of 
the  proposed  options  given  final  consideration  is  shown  in  Tables  5,  6,  and  7. 
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Table  5 

Advantages  and  Disadvantages  of 
GB  Salt  Incineration 

In  Bulk  Furnace  at  Rocky  Mountain  Arsenal 


Advantages 


Disadvantages 


1)  Reduces  the  volume  of  organic  waste. 

2)  Resultant  waste  can  be  made  insoluble 
and  less  hazardous  so  that  it  can  be 
dximped  in  a  conventional  landfill. 

3)  The  resultant  wastes  will  not  have  to 
be  monitored  when  placed  in  a  landfill 

4)  No  transportation  will  be  required  be¬ 
cause  the  salts  are  already  at  RMA. 

5)  One  incinerator  at  SMA  could  be  used 
to  incinerate  residues  from  other 
sites  in  the  future. 


1)  Expensive  and  time-consuming 
because  it  would  require  con¬ 
struction  or  modification  of 
equipment . 

2)  Pilot  testing  would  be  required 

3)  Potential  HF,  and  NO^ 

air  pollution  that  would  have 
to  be  scrubbed. 

4)  HF  formed  from  NaF  is  highly 
corrosive.  (Note:  removal  of 
NaF  prior  to  incineration  is 
not  cost  effective  because  the 

■  cost  of  removal  is  much  greater 
than  its  value.) 

5)  Some  small  amount  of  GB  gas 
could  be  given  off  during  in¬ 
cineration. 

6)  55-gallon  containers  must  also 
be  disposed  of  as  a  separate 
operation. 


7)  Residues  could  build  up  in 
furnace  and  require  special 
cleaning  operations. 
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Table  6 


Advantages  and  Disadvantages  of 
Chemical  Landfill  Disposal  of 
Mustard  Salts  and  GB  Salts 


Advantages  _ _ 

1)  Continuous  monitoring  and  control 
of  leachates, 

2)  Apears  to  be  the  most  ecologically 
safe  method  in  the  near  term, 

3)  Accepted  by  the  EPA  and  state 
agencies. 

4)  Able  to  retrieve  it  if  a  better 
method  of  disposal  is  found, 

5)  Chemical  landfills  are  known  to  be 
successful  for  handling  hazardous 
wastes. 

6)  Known  contractors  are  ready  to  • 
accept  the  waste  immediately, 

7)  Salts  may  be  able  to  be  land- 
filled  in  their  original 
containers . 

8)  Monitoring  equipment  would  detect 
leachates  before  widespread  con¬ 
tamination  occurs . 

9)  Indications  are  that  both  GB  and 
mustard  salts  can  be  landfilled, 

10)  Relatively  economical  approach  in 
the  near  term. 

11)  Accessibility  to  the  disposal  site 
is  limited  and  protected. 


_ Disadvantages 

1)  Does  not  really  "dispose"  of  the 
salts  in  the  sense  that  it  "returns 
them  to  the  earth  in  harmless  form", 

2)  Requires  a  perpetual  commitment  of 
money  and  manpower, 

3)  Prevents  a  certain  portion  of  land 
from  ever  being  used  for  any  other 
purpose. 

4)  May  require  an  encapsulation  method 
to  permanently  stop  or  decrease  the 
leaching  rate, 

5)  Further  costs  could  occur  for  such 
things  as;  re-encapsulation  of  the 
wastes,  replacement  of  liners,  pipes, 
pumps,  etc. 

6)  Requires  transportation  outside  of 
goverxsnent  controlled  areas, 

7)  Handling  of  wastes  would  be  required 
especially  during  transportation, 

8)  GB  salts  must  not  be  subjected  to  any 
type  of  acid  because  hazardous  by¬ 
products  could  be  produced. 

,  9)  The  number  of  ideal  landfill  locations 
is  finite. 
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Table  7 


Advantages'  and  Disadvantages  of 
Ocean  Dump  of  GS  Salts 


Advantages _ 

1)  Once  dumped,  the  waste  requires  no 
further  monitoring  or  control. 

2)  Permanent  disposal. 

3)  Equipment  for  ..disposal  is  probably 
readily  available. 

4)  Relatively  economical  approach. 


_ Disadvantages 

1)  Adds  heavy  metal  (cadmium)  in 
concentrations  that  exceed  the 
federal  dumping  restrictions. 

2)  Possibility  of  the  heavy  metals 
entering  the  food  chain. 

3)  Special  permits  from  the  EPA  are 
needed  to  dump  into  the  ocean. 

4)  "The  EPA  does  not  promote  a  policy 
of  dispersion  or  dilution  but 
rather  one  of  contaiiment" 

"Pollution  Engr."  April,  1976 

pg.  301. 

5)  No  control  over  the  wastes  after 
they  have  been  dumped. 

6)  Requires  several  transportation, 
loading,  and  unloading  appli¬ 
cations. 

7)  Requires  direct  personnel  contact 
via  opening  of  dnans  before  dis¬ 
posal. 

8)  Public  disproval  of  ocean  dumping. 

9)  Water  in  the  surrounding  dumping 
area  will  be  contaminated  for  a 
period  of  time. 

10)  Salts  must  be  spread  out  over  a 
large  area  to  prevent  high  con¬ 
centrations  . 

11^  55-Gallon  containers  must  be  disposed 
of  independently. 

12'^  Complete  bioassay  on  the  effect  of 
GB  salts  on  marine  life  must  be 
completed. 

13')  EPA  will  probably  not  issue  a  permit 
unless  there  is  no  other  alternative. 


40 


b.  Knowledge  Gaps 


Knowledge  gap  values  are  assigned  to  factors  or  items  which 
relate  to  the  process  definition,  development,  operation,  and  safety  of  the 
disposal  methods.  They  are  not  confidence  factors  in  the  statistical  sense, 
but  they  do  provide  insight  into  the  amount  of  confidence  someone  might  have  in 
the  disposal  nethod  based  on  the  degree  to  which  each  aspect  of  the  method  has 
been  verified.  The  values  applied  should  not  be  confused  with  the  probability 
of  success  for  solving  or  resolving  the  indicated  knowledge  gaps,  but  rather 
the  level  of  progress  that  has  already  been  na.de,  the  extent  to  which  it  has 
been  verified  or  documented,  and  the  source  of  docunentation.  The  numerical 
ranges  used  for  assigning  knowledge  gap  values  are: 

.75  -  1.0  Based  on  actual  or  experimental  conditions  with 

like  or  similar  material;  contractor -supplied  data. 

.50  -  .75  Analytically  derived  or  established;  estinated 
based  on  published  fixed  rates  or  data. 

.24  -  .50  Documented  supposition;  basic  ideas  and  order-of- 
nagnitude  estimates. 

The  arithmetic  average  of  the  values  provided  in  knowledge 
gap  tables  8,  9,  10,  and  11  are  used  to  compute  the  relative  figure  of  merit 
for  the  options  used  in  the  systems  evaluation  matrices  discussed  in  the 
following  section. 
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TABLE  8 

TECHNOLOGICAL  &  DEVELOPMENT  KNOWLEDGE  GAPS 


Ocean  Dump 

GB  Salts 

Incln.  at  RMA 

GB  Salts 

[Chem.  Landfill 

GB  Salts 

Chem.  Landfill 
Mustard  Salts 

1 .  Process  Definition 

a.  loading  and  unloading  equipment 

.50 

.50 

.50 

-.50 

b.  process  feed /emplacement  equipment 

.70 

.65 

.90 

.90 

c.  residue  handling  equipment 

.50 

.65 

.80 

.90 

d.  chemical /thermal  reactions 

.80 

.75 

.70 

.90 

e.  technical  feasibility 

.75 

.85 

.90 

.95 

f,.  process /emplacement  rate 

.75 

.80 

.90 

.95 

g.  operating  instrumentation  and  controls 

.65 

.65 

.85 

.90 

h.  contamination  controls  (i.e.>  filters 

.65 

.80 

.85 

.90  . 

and  scrubbers,  dilution  controls,  etc.) 
i«  emissions /contamination  monitoring 

.50 

.80 

.95 

.95 

j.  secondary  waste  disposal  (ash,  empty 

.50 

.60 

.75 

.75 

drums,  etc.) 

k.  transportation/logistics  requirements 

.60 

.75 

.60 

.60 

1 .  fails af e  measures / equipment 

.35 

. 

.50 

^  .80 

.85 

2.  Responsibility  Assignment 

a.  equipment  modification/fabrication 

.75 

.75 

.75 

.75 

b .  engineering/des  ign 

.75 

.75 

.75 

.75 

c .  pr e -operation 

.75 

.85 

.85 

.85 

d .  operation/ emplacement 

.75 

.85 

.85 

.85 

e.  post-operation/clean-up 

.75 

.85 

.85 

.85 

f,  transportation/logistics 

.60 

.85 

.60 

.60 

g .  material  handling 

.60 

.85 

.75 

.75 

3.  Development/Preparation  Schedules 

.50 

.65 

.50 

.50 

4.  Development /Preparation  Costs 

.75 

.75 

.85 

.85 

Average  of  Total  System 

.64 

.74 

.77 

.80 
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TABLE  9 

OPERATIONS  KNOWLEDGE  GAPS 


1. 


2. 


3. 


Ocean  Dump 

GB  Salts 

Incln.  at  RMA 

GB  Salts 

Chem.  Landfill 
GB  Salts 

Chem.  Landfill 
Mustard  Salts 

Process  Definition 

a. 

loading  and  unloading  equipment 

.50 

.50 

.50 

.50 

b. 

process  feed/emplacement  equipment 

.70 

.65 

.90 

.90 

c. 

residue  handling  equipment 

.50 

.65 

.80 

.90 

d. 

chemical /thermal  reactions 

.80 

.75 

.70 

.90 

e. 

technical  feasibility 

.75 

.85 

.90 

.95 

f. 

process /emplacement  rate 

.75 

.80 

.90 

.95 

S- 

operating  instrumentation  and  controls 

.75 

.65 

.85 

.90 

h. 

contamination  controls 

.75 

.80 

.85 

.90 

i. 

emissions/contamination  monitoring 

.50 

.80 

.95 

.95 

j* 

secondary  waste  disposal 

.50 

.60 

.75 

.75 

k. 

trans  por  ta tion/ 1  og  is  tics  requirements 

.60 

.75 

.60 

.60 

1. 

failsafe  measures /equipment 

.35 

.50 

.80 

.85 

m. 

downtime 

.25 

.25 

.25 

.25 

n. 

maintenance/repairs 

.50 

.65 

'  .75 

.75 

0. 

training 

.75 

.50 

.75 

.75 

Operating  Schedule 

loading /unloading 

.50 

.50 

.50 

.50 

b. 

transportation 

.50 

.75 

.50 

.50 

c. 

process  /  en^jlacement 

.50 

.75 

.60 

.60 

Operating  Costs 

a. 

loading/ unloading 

.50 

.50 

.50 

.50 

b. 

transportation 

.75 

.75. 

.75 

.75 

c. 

process /emplacement 

.50 

.65 

.85 

.85 

Average  of  Total  System 

.58 

.65 

.71 

.74 
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TABLE  10 


ClEAN-UP  KNOWLEDGE  GAPS 


• 

Ocean  Dump 

GB  Salts 

Inc In.  at  RMA 

GB  Salts 

Chem.  Landfill 

GB  Salts 

Chem.  Landfill 
Mustard  Salts 

1.  process  Definition 

a.  secondary  residue /waste 

(1)  quantity 

.75 

.75 

.75 

.75 

(2)  components 

.75 

.75 

.75 

.75 

(3)  disposal  method 

.75 

.75 

.75 

.75 

b.  handling  equipment 

.50 

.50 

.50 

.50 

c«  post -operation  testing  and  monitoring 

.50 

.65 

.95 

.95 

2*  Clean-Up  Schedule 

a,  loading/unloading 

.50 

.50 

.50 

.50 

b .  transportation/handling 

.50 

.50 

.50 

.50 

c.  process 

.50 

.50 

.50 

.50 

3 .  Clean-Up  Costs 

a .  loading / unloading 

.50 

.50 

.50 

.50 

b .  transportation/handling 

.50 

.50 

.50 

.50 

c.  process 

.50 

.50 

.50 

.50 

Average  of  Total  System 

.57 

.58 

.61 

.61 
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TABLE  11 


1. 

2. 


3. 


4. 

5. 

6. 

7. 

8. 

9. 


10. 


SAFETY  KNOWLEDGE  GAPS 


Ocean  Dump 

GB  Salts 

Incln.at  RMA 

GB  Salts 

Chem.  Landfill 

GB  Salts 

Chem.  Landfill 
Mustard  Salts 

Site  Location 

.50 

.90 

.70 

.70 

Security 

a.  pre -operational 

.60 

.75 

.60 

.60 

b .  operational 

.50 

.80 

.75 

.75 

c.  post-operational/clean-up 

.50 

.75 

.75 

.75 

Inspection/ Surveillance/Monitoring  Procedure 

a.  pre -operational 

.80 

.90 

.80 

.80 

b.  operational 

.70 

.75 

.80 

.80 

c.  post-operational/clean-up 

.75 

.50 

.90 

.90 

Worst  Case  Accident  Scenario 

.50 

.50 

.60 

.60 

(Effects /scope) 

Corrective /Recovery  Procedures 

.50 

.60 

.70 

.70 

Contamination/Environment  Containment  Method 

.50 

.75 

.95 

.95 

Process /Emplacement  Procedure 

.75 

.75 

.90 

.90 

Operator  Safety  (Protective  clothing,  etc.) 

.65 

.65 

.65 

.65 

Short-Term  Effects 

a.  animal  life 

.85 

.85 

.95 

.95 

b.  plant  life 

.70 

.85 

.95 

.95 

Long  Term  Effects  (Greater  than  10  years) 

a.  animal  life 

.40 

.70 

.65 

.65 

b.  plant  life 

.63 

.65 

.65 

.65 

(continued) 
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TABLE  11  (Continued) 


SAFETY  KNOWLEDGE  GAPS 


Ocean  Dump 

GB  Salta 

Incln.at  RMA 

GB  Salts 

Chem.  Landfill 

GB  Salts 

Chem.  Landfill 
Mustard  Salts 

11. 

Effects  of  Geo-Physical  and/or 

.50 

.65 

.90 

.90 

Climatic  Conditions 

12. 

Demonstration  of  Technical  Feasibility 

.80 

.80 

.95 

.95 

13. 

Demonstration  of  Operational  Feasibility 

.85 

.80 

.85 

.95 

Average  of  Total  System 

.63 

.73 

.79 

.79 
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IV. 


SYSTEMS  ANALYSIS 


A.  General 

The  purpose  of  conducting  a  nathematical  systems  analysis  is  to 
provide  an  objective  quantified  framework  for  examining  the  various  disposal 
options.  Through  the  Army’s  own  efforts  and  the  work  of  outside  contractors, 
a  significant  amount  of  data  and  infornation  has  been  gathered  relating  to 
the  technical,  economic,  ecologic,  and  legal  aspects  of  various  disposal 
nfithods.  Often,  the  technique  en^loyed  in  analyzing  such  data  and  making  a 
final  decision  results  from  study;  cental  weighing  of  many  pros  and  cons; 
and  finally  selecting  one  on  the  basis  of  some  feeling  of  what  is  best.  Under 
these  conditions,  decision  makers  frequently  cannot  truly  explain  their  decision 
process.  They  point  to  individual  bits  of  data  to  justify  their  position  but 
cannot  actually, delineate  all  of  the  infornation  that  they  processed  or  define 
the  relative  importance  that  they  placed  on  particular  data.  On  the  other  hand, 
a  systems  analysis  based  on  a  prescribed  mathematical  model  requires  strict 
specification  and  definition  of: 

•  all  of  the  variables  considered 

•  all  of  the  aspects  of  the  systems 

•  relative  cfirit  or  confidence  of  the  data 

•  relative  weight  or  importance  of  the  variables 

Because  the  nath  model  requires  detailed  specification  and  quantifi¬ 
cation  of  variables,  it  is  a  useful  tool  for  isolating  areas  that  have  not  been 
defined  completely.  It  tends  to  force  objectivity  in  handling  the  variables. 

It  is  also  a  technique  for  communicating  to  others  the  factors,  rationale,  and 
relative  importance  applied  to  various  data.  In  this  way  it  is  possible  for 
other  parties  to  see  the  procedure  that  was  followed  in  arriving  at  the 
decision. 


The  scope  of  the  analysis  under  this  program  was  limited  to 
concepts  and  data  which  had  been  provided  by  the  Army.  The  purpose  was  to 
docuiKnt  and  analyze  the  available  concepts  on  the  basis  of  current  data  but 
not  to  generate  new  concepts  or  information.  In  many  cases,  only  rough  estimates 
were  provided.  This  was  usually  true  in  instances  where  the  details  of  the 
options  were  not  fully  defined.  Some  of  the  areas  where  a  more  detailed  definit¬ 
ion  of  costs,  schedule,  and  safety  are  needed  were  pointed  out  in  the  discussion 
of  knowledge  gaps.  For  this  reason,  the  systems  analysis  based  on  existing  data 
can  at  best  be  described  as  a  ’’coarse  grid"  analysis.  Nonetheless,  the  results 
do  help  to  give  a  relative  conparison  of  the  preferred  options  and  if  more 
detailed  data  is  obtained  at  a  later  date,  the  analysis  and  results  can  be 
refined. 


B.  »hth  Model 

The  primary  variables  in  the  nathenatical  framework  used  to  evaluate 
the  proposed  disposal  options  are  cost,  schedule,  ecological  safety  and  a  com¬ 
bined  figure  of  merit  which  is  basically  a  measure  of  the  confidence  placed  in 


47 


th2  system's  ability  to  do  the  desired  job  safely  and  within  cost  and 
schedule  limitations.  Cost  and  schedule  considerations  are  absolutes  but 
the  degree  of  confidence  placed  in  these  absolutes  will  affect  the  confidence 
in  the  final  decision  and  therefore  the  relative  merit  of  the  system.  The 
combined  figure  of  nerit  is  based  strongly  on  the  knowledge  gap  values  dis¬ 
cussed  earlier  plus  ecological  safety. 

•  Costs 

In  general,  costs  used  in  the  analysis  were  based  on  values 
provided  by  Edgewood  Arsenal  which  were  developed  through  their  own  estinates 
or  those  of  independent  contractors.  Transportation  costs  were  updated  and 
revised  on  the  basis  of  more  recent  shipping  data.  Some  of  the  cost  data 
provided  is  at  least  a  year  old.  Also,  some  of  the  projected  programs  extend 
over  a  period  of,,  several  years.  No  attempt  was  made  to  adjust  costs  for 
inflation  or  to  discount  future  costs  to  the  present.  It  is  felt  that  this 
will  not  be  a  problem  within  the  scope  of  this  analysis.  It  must  be  remembered 
that  the  systems  analysis  model  is  a  conparative  tool  for  rating  options  with 
respect  to  each  other.  Although  absolute  values  for  cost  and  schedule  in  this 
report  may  give  sone  order  of  magnitude  estimate  of  actual  dollars  and  tine, 
they  would  best  be  viewed  as  values  relative  to  each  other. 

Total  system  costs  are  considered  as  the  sum  for  three  process 
phases:  development,  operation  and  clean-up.  Each  of  these  cost  areas  consists 
of  individual  conponents  as  delineated  in  Figure  2.  In  most  cases,  the  cost 
estinates  provided  by  the  Army  were  of  an  all-encompassing  nature  and  not  a 
detailed  breakdown.  After  some  discussion  between  Edgewood  and  AAI  personnel, 
it  was  felt  that  they  would  be  adequate  for  a  preliminary  conparative  analysis. 
Nunerical  data  is  presented  in  Section  IV-C. 

•  Schedule 

As  with  the  cost  estinates,  schedule  estimates  were  provided 
by  Edgewood  Arsenal  and  are  specified  for  development,  operation,  and  clean-up. 
In  most  cases,  these  are  ballpark  estimates  and  have  not  been  broken  down  in 
the  detail  illustrated  in  Figure  2.  Although  they  nay  be  good  enough  for  this 
comparative  coarse  grid  analysis,  a  more  detailed  task  by  task  breakdown  should 
be  undertaken  if  an  absolute  budgetary  cost  estinate  becomes  necessary.  It 
must  be  remenbered  that  time  is  money  and  that  time  estinates  that  do  not 
consider  areas  of  potential  delays,  downtimes,  inflationary  influences,  etc., 
can  result  in  cost  estinates  that  are  grossly  in  error. 

•  Safe  ty 

Two  general  safety  areas  must  be  considered  in  conjunction 
with  any  disposal  system;  the  safety  of  the  operating  personnel  and  the  safety 
to  the  environment.  A  considerable  amount  of  effort  was  expended  in  trying 
to  establish  a  nathod  of  rating  the  proposed  options  with  respect  to  ecological 
safety.  Most  of  the  techniques  centered  about  trying  to  score  the  potential 
risk  of  various  disposal  techniques  presented  by  normal  operation  or  accident. 
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Schedule 

(Mcnths^ 


lEemi 


Cost 

(1^  S) 


Dr.'ELOPMEjrr/FINAL  DEFINITION  PHASE 

A.  Ooverment  Effort 

1.  Program  &  technical  oanageoenc  (plannlng/concracc) 

2.  Engineering  and  seleuclflc  (speca,  design  criteria 
background  Investigation,  preliminary  site  selcc* 
tion,  soil  tests,  bioassy,  etc.) 

3.  Documentation  (EIS,  permits,  licenses,  background 
data,  etc.) 

4.  Government  furnished  material  4  equipment 

5.  Technical  support  (bench  scale  tests,  mockups , etc . ) 

6.  Contingency  (public  relations) 

Sub  Total 

B.  Contractor  Effort 

1.  Program  and  technical  management 
■•2.  Engineering  and  scientific  (specs,  soil  tests, 

bloassy,  design,  prototypes,  compatibility  tests, 
life  cycle  tests,  etc.) 

3.  Documentation  (licensing  permits,  manuals,  etc.) 

4.  Purchase  parts  and  siscrlal 

5.  Fabrication  and  Installation 

6.  Installation  testing  ssid  tralnli^ 

7 .  Contingency 

Sub  Total 

Total  Development/Final  Definition 
II  OPQtATIONAL  PHASE  ({Comment  or  Contractor) 

A.  Systesdsatlon/Preparaclon 


l. 

Site  preparation 

2. 

Set'ttp  and  pre*op  (pilot  test  or 

dry  run  if 

necessary) 

• 

3. 

Training 

4. 

Maintenance  and  correecioos 

5. 

Site  support  (lab  tests,  on>slCe 

lnspeetoi’s,eee.) 

6. 

Material  cost  (repairs,  oodifications,  expendables) 

7, 

Transportation  and  handling  (loading,  transport. 

unload) 

8. 

Contingency 

Sub  Total 


B .  Operations 

1.  Site  support  (monitoring,  material  handling, 
inspectors,  etc.) 

2.  Operations  (processing,  feeding,  dumping,  emplac* 
ing,  etc.) 

3.  Materials  cost  (expendables 

4.  Rebuild  and  modification 

5.  Hsincenancc 

6 .  Contingency 

Sub  Total 

Total  Operational  Phase _ 


III.  CLEAN  OP 

1.  Pott>«p  monitoring  (short  term) 

2.  Retro'fit/clean  up  of  facility/equipment 

3.  Transporatlon  of  secondary  waste 

4.  Processing  aad/or  disposal  of  secondary  waste 
5 ■  Contingency 

Total  Clean  Op _ 


TOTAL  SYSTEM 


Figure  2.  Desirable  Cost  and 
Schedule  Breakdown. 
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Atteii5)ts  were  nade  to  examine  and  evaluate  the  possible  modes  of  damage 
to  human  life,  non-human  animal  life,  and  plant  life;  the  potential  physical 
damage  caused  by 'various  concentrations;  the  duration  of  possible  exposure; 
and  the  legal  and  public  ramifications  of  exposure.  It  soon  became  apparent 
that  such  a  nfithod  of  scoring  such  factors  was  not  going  to  give  neaningful 
results  because: 


•  the  proposed  options  that  were  being  given  final  considera¬ 
tion  were  designed  specifically  to  prevent  potentially  harmful  concentrations 
from  entering  the  environment; 

•  the  proposed  opinions  were  designed  to  conply  with  federal, 
state  and  local  laws  and  guidelines; 

>  any  assessment  of  problems  which  could  be  caused  by  accidents 
would  involve  establishing  the  probability  of  occurrence  of  various  accident 
scenarios  and  this  was  beyond  the  scope  of  the  program; 

•  the  severity  and  duration  of  any  accident  would  depend 
largely  on  characteristics  of  each  particular  disposal  site  (soil  type,  water 
tables,'  ocean  currents,  prevailing  winds,  proximity  of  inhabitated  areas,  etc.) 
and  an  exact  disposal  site  has  not  been  selected  for  some  of  the  options. 

However,  it  became  obvious  that  there  were  certain  desirable 
safety  features  that  a  good  disposal  method  should  possess  and  that  these 
features  were  better  defined,  proved,  and  in?>leoented  with  certain  methods 
than  with  others.  The  degree  to  which  the  safety  features  have  been  verified 
is  addressed  by  the  safety  knowledge  gap  ratings  (Section  III-C.4.b)  and  an 
"ecological  safety  factor."  The  value  of  the  ecological  safety  variable  for 
each  option  is  sinply  the  number  of  desirable  features  that  the  option  possesses 
according  to  Table  12.  The  ecological  safety  knowledge  gap  values  and  the  value 
of  the  ecological  safety  factor  variable  form  the  basis  of  evaltiating  the 
ecological  desirability  of  proposed  options. 

The  primary  variables  of  cost,  schedule,  ecological  safety, 
and  figure  of  merit  are  manipulated  to  arrive  at  a  final  evaluation  score  as 
described  below  and  summarized  in  Figure  3. 

•  Relative  Figure  of  Merit 

For  each  disposal  option,  an  individual  figure  of  merit  is 
found  for  cost  and  schedule  for  the  development,  operation,  and  clean-up 
process  phases.  This  is  done  by  multiplying  the  average  knowledge  gap  score 
for  the  given  process  phase  by  the  ratio  of  the  absolute  value  for  the  given 
phase  to  the  total  value  for  the  option.  For  example,  the  individual  figure  of 
merit  for  development  cost  of  incineration  at  RK^  would  be  the  average  know¬ 
ledge  gap  score  for  development  of  the  incineration  method  multiplied  by  the 
development  costs  for  incineration  divided  by  the  total  cost  of  incineration. 
This  procedure  is  sumnarized  in  Block  A  of  Figure  3. 
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TABLE  12 


ECOLOGICAL  SAPETY  FACTORS 


1. 


An  ideal  Disposal  System  should  possess 
the  following  safety  features.  The  proposed 
options  are  rated  on  the  basis  of  how 
completely  each  of  the  options  could  satisfy 
these  features 


OCEAN 
DUMP 
GB  SALTS 


INCIN. 
AT  EMA 
GB  SALTS 


CHEM. 
LANDFILL 
GB  SALTS 


Yes 


No 


Yes 


No 


Yes 


No 


Can  be  isolated  from  inhabited  areas. 


X 


X 


X 


i 


2.  Could  be  removed  from  vicinity  of  usable 
commercial  areas  (fainns,  factories, 
fishing  grounds,  etc.)« 


X 


X 


X 


3.  Would  not  degrade  esthetics  of  surrounding  area. 


X 


X 


4.  Would  provide  positive  control  of  wastes  or  by¬ 
products  in  the  disposal  site. 

5.  Would  not  allow  wastes  or  by-products  to  enter 
usable  water /food  chain. 


X  X 

X  X 


6.  Would  not  require  transportation  outside  of 
controlled  area . 


7.  Would  prevent  noxious  fumes  &  gaseous  by-products 
from  leaving  disposal  site^ 


X 


X 


8.  Would  be  currently  acceptable  to  regulatory 
agencies . 


X 


X 


9.  Would  not  destroy  current  or  future  value  of 
resources  associated  with  disposal  site, 

10.  Would  utilize  in-process  controls  to  insure 
that  the  design  safety  parameters  are  satisfied, 

11.  Would  allow  simple  in-process  surveillance  to 

verify  that  design  safety  parameters  are  main¬ 
tained. 

12.  Would  allow  simple  post  operative  monitoring/ 
testing  to  assess  effects  of  disposal. 


...continued 


X 

X 

X 


X 

X 
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TABLE  12  (Cont'd) 


13. 

14. 

15. 

16. 


ECOLOGICAL  SAFETY  FACTORS 


Would  utilize  positive  security  measures 
(fences,  barriers,  etc.)  to  prevent  human 
and  animal  contact  to  wastes  or  by-products. 

Would  eliminate  short  term  risk. 

Would  eliminate  long  term  risk. 

Would  attract  a  minimxim  amount  of 
pub lie /media  attention. 

Ecological  Safety  Factor 
(Total  "Yes”) 


OCEAN  INCIN.  CHEM. 

DUMP  AT  RMA  LANDFILL 

GB  SALTS  GB  SALTS  GB  SALTS 
Yes  1  No  Yes  j  No  Yes  1  No 
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Flgura  3.  Evaluation  Model  Schemeclc 


A,  cotnbined  figure  of  merit  for  each  option  is  calculated  by 
adding  the  individual  figures  of  nfirit  and  dividing  by  two  to  give  equal 
weight  to  cost  and  schedule.  The  average  is  njultiplied  by  the  average  of 
the  safety  knowledge  gap  values.  The  multiplication  has  the  effect  of  applying 
a  heavy  weight  to  safety  because  if  most  of  the  factors  concerning  safety  are 
only  in  the  realm  of  speculation,  the  conbined  figure  of  nfirit  which  reflects 
the  overall  confidence  of  the  system  will  be  greatly  downgraded.  Block  B  of 
Figure  3  illustrates  this  procedure. 

The  combined  figures  of  merit,  total  cost,  total  schedule  and 
ecological  safety  values  are  normalized  so  that  they  become  non-dime ns ionalized 
ranking  valxoes  between  zero  and  one  (Block  D  in  Figure  3).  Each  variable  is 
normalized  with  respect  to  the  ’’best**  value  for  that  particular  variable  which 
is  a  mximum  in  the  case  of  combined  figure  of  nerit  and  ecological  safety 
factor  but  a  minimum  for  cost  and  schedule. 


The  variables  are  fully  conbined  into  a  total  evaluation  factor 
by  multiplying  each  variable  by  a  weighting  factor  and  summing.  The  weighting 
factors  establish  the  relative  importance  of  the  primary  variables  with  respect 
to  each  other.  For  this  analysis,  the  following  weighting  factors  were  used: 


W 


3 


1 


3 


Once  the  total  evaluation  scores  are  calculated  they  can  be  normalized  with 
respect  to  each  other  to  establish  a  total  ranking  order. 


The  entire  process  is  illustrated  with  the  numerical  data  and 
carried  through  to  conpletion  in  Section  IV-D. 


C.  Data 


Estimated  costs  and  schedules  for  the  proposed  options  are  summarized 
in  Figures  4  and  5.  Data  was  taken  from  information  provided  by  Edgewood  Arsenal 
(Appendix  E)  with  some  modification  of  transportation  costs.  As  nentioned 
earlier,  the  costs  and  schedules  provided  for  this  study  are  order -of -magnitude 
values  and  should  be  used  for  comparative  rather  than  budgetary  purposes. 

The  averages  for  the  knowledge  gap  values  are  summarized  in 
Figure  6.  It  should  be  renfimbered  that  these  values  represent  the  degree 
to  which  the  exact  system  has  been  defined  and  resolved,  not  the  probability 
of  finding  solutions  to  unknown  areas.  A  score  of  1.0  would  indicate  that 
every  aspect  of  the  system  has  been  defined  in  detail  and  verified  by  testing 
or  operation. 
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COST  ASO  SCREDUU 


tt«M 

Ocean  Ou 
GB  Salta 
Schedule 
Otonchal 

m 

Coat 

_ 

DcvBOMBrr/rDUL  oerxMtTXOM  nMsi 

A.  Cwrifiat  Effort 

1.  *  Cochalcal  oaMtaomc 

2,  bfioMriat  ood  aelMtlfic  («p*e&,  doci^  erit«ri« 
Wekstoiad  lo*«aclg«tioo,  praltainary  «it«  aaloc* 
tloa.  aell  taata»  bloaaas.  ate.) 

2.  OoeiMicatioa  (CIS,  parolta,  tleoBaaa,  fcackgroo^ 

4ata,  oce.) 

4.  CovanMOt  funiatiad  aaecrial  4  aqulpwat 

5.  Ta^oiaal  auppore  (beach  aeala  eaaea,  oodupa.ace.) 

4.  CoQtlataoes  (public  ralacleaa) 

3 

3 

SO 

12.3 

(laltial 

blaaaay) 

33 

20 

E.  CeatToetor  Effort 

t.  Erograai  aad  eadmleal  oahafaaaat 

2.  teglMorlas  aad  aeioatlfle  (apaea»  aoil  uaca. 
bleaats,  doaiga*  srococjrpaa,  finttbUlty  caata, 

Ufa  cycle  taaca*  ate.) 

3.  tooMBtaeica  (liecaaiat  patalta,  aaoula,  ace.) 

4.  Krcbaaa  parte  aad  aaearlal 

3.  rabrlcatloB  aad  laacallatiea 

4.  Zaatallaclca  taaciag  aad  traiaiag 

7.  Goaclataacy 

Sub  Total 

Total  DoTalopaaac/Flaat  Deftalclea 

12 

137.5 

3 

OPCRATlOUt  mSE  (Govotaaaoe  or  Cencraceor) 

A.  Syaccalcaetoa/PraparaeloB 

1.  Site  praparaeloa 

2.  5at««p  aad  pre-op  (pilot  coat  or  dry  rua  If 
aaecaaary) 

3.  Traiaiac 

4.  HBlBCaaaaca  aad  cerraeeloaa 

5.  Site  aupport  (lab  taata,  ea-alta  iaapactera.atc.) 

4.  Matarlal  coat  (rapaira,  aedlfleatleoa,  t^tadablaa) 

7.  TraaaportaCieB  aad  haadllag  (loadlag,  traaapert, 

aaload) 

4.  CeotlBgODCy 

Sub  Total 

B.  Oparatloaa 

1.  Sica  aupport  (■oaitorlag.  aacarial  haadliag, 
laapaecora.  ate.) 

2.  Oparatloaa  (proceaalag,  faadlag,  donpioc.  aaplac- 
1^,  ate.) 

3.  Natarlala  coat  (aspcedablaa 

4.  titelld  aad  aodiflcaeiaa 

5.  Malncaaaea 

4.  CoatlBsaacy 

Sub  Total 

Total  OparatlODal  fbaae 

3 

723 

9 

723 

iwmm 

! 

3 

ISO 

3 

IM  " 

IHKilHB 

x.  CLam  0? 

1.  boac*op  •onlcorlet  (abort  tcca) 

2.  Eatro-flt/elaaa  up  of  facillty/a^ui^ac 

3.  Tranaporatioa  of  accoadary  waaca 

4.  fcacaaalag  aad/or  dlapoaal  of  aacoadary  waata 

3.  Coatiogaacy 

Total  Claaa  Up 

■ 

I 

1 

iai 

T 

T 

TOTAL  SYSrn 


27 


10Z3 


Figure  A*  Cost  and  Schedule 
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Figure  5.  Total  Cost  and  Schedule  Suiinnary 
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Figure  6 

SuEnnary  of  Knowledge  Gap  Factors 

Chemical 

Ocean  Incin.  Chemical  Landfill 

Phase  Dump  at  EMA  Landfill  (Mustard 

(GB  Salts)  (GB  Salts)  (GB  Salts)  Salts) 


Technological  and 

Development 

.64 

.74 

i 

.77 

.80 

Operations 

.58 

.65 

.71 

.74 

Clean-up 

.57 

.58 

.61 

.61 

Safety 
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D.  Evaluation  Matrices  and  Options  Con^arison 

The  conputations  for  the  system’s  Math  Model  are  summarized  in 
Tables  13,  14,  15,  and  16.  Only  the  options  for  GB  salts  are  carried  through 
to  conpletion  because  there  appear  to  be  no  option  for  the  mustard  salts  other 
than  chemical  landfill. 
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TABLE  13 
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TABLE  14 


EXPECTED  VALUE  MATRIX 


OPTIONS 

COMBINED 
FIGURE  OF 
MERIT 

TOTAL 

COST 

TOTAL 

SCHEDULE 

ECOLOGICAL 

SAFETY 

FACTOR 

Ocean  Dump 

GB  Salts 

.37 

1023 

27 

ft  ' 

8  1 

! 

Incineration  at  RMA 

GB  Salts 

.52 

1840 

48 

i 

14 

Chemical  Landfill 

GB  Salts 

.57 

1203 

21 

13 
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TABLE  15 


RANKING  FACTORS  MATRIX 


OPTIONS 

COMBINED 
FIGURE  OF 
MERIT 

TOTAL 

COST 

TOTAL 

SCHEDULE 

ECOLOGICAL 

SAFETY 

FACTOR 

Ocean  Dump 

GB  Salts 

.65 

1 

00 

• 

.57 

Incineration  at  RMA 

GB  Sa.Its 

.91 

.56 

.44 

1 

Chemical  Landfill 

GB  Salts 

1 

.85 

1 

.93 
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EVALUATION  MATRIX 


E.  Conclusions 


Based'on  the  available  data  and  the  model  described  earlier,  the 
best  overall  currently  available  disposal  technique  for  GB  salts  is  the  use 
of  a  chemical  waste  (controlled)  'landfill  as  indicated  by  the  ranking  in 
Table  16.  Incineration  of  the  GB  salts  at  Rocky  Mountain  Arsenal  would  be 
slightly  better  from  the  ecological  standpoint  because  it  would  provide 
finalized  disposal  with  no  long-term  monitoring  requirements,  and  ocean 
dunging  would  provide  a  less  expensive  option.  However,  when  considering 
the  combination  of  cost,  schedule,  safety,  and  current  technological  and 
operational  availability,  the  use  of  a  controlled  landfill  beconES  the  best 
overall  method. 

As  a  result  of  the  preliminary  analysis,  chemical  landfilling  of 
the  mustard  salts  appears  to  be  the  only  available  method  at  this  time. 

It  must  be  remembered  that  the  systems  analysis  model  used  gives 
comparative  results  among  options  considered  based  on  the  variables  specified 
earlier.  Changing  the  variables  or  their  relative  weight  could  change  the 
results.  It  must  also  be  remembered  that  no  claim  is  made  that  chemical  land¬ 
fill  is  the  ultimate  disposal  method  but  only  the  best  available  at  this  time 
and  under  the  constraints  imposed  by  this  analysis. 

It  should  also  be  repeated  that  the  cost  and  schedule  estimates 
used  in  this  analysis  are  rough  estimates  and. should  not  be  used  for  funding 
purposes  without  further  investigation  and  updating  to  reflect  current  labor, 
material,  and  service  costs. 
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APPENDIX 

ESTIMATED  COSTS  FOR  INCINERATION  OF 
DEMILLED  GB  RESIDUES  AT  ROCKY  MOUNTAIN  ARSENAL 


The  report  on  incineration  of  demilled  GB  residues  was 
prepared  by  Mr.  B.  B.  Crocker,  Sr.  Engineering  Fellow,  Corporate 
Engineering  Department,  Monsanto  Company,  St.  Louis,  Missouri,  as 
a  result  of  the  visitation  to  RMA  on  3  April  197^.  The  report 
is  included  in  toto .  It  contains  an  abstract,  and  discusses 
properties  of  the  dried  salt,  available  equipment  at  RMA,  capabil 
Itles  of  the  existing  facilities,  incineration  of  salt  solutions, 
and  estimated  costs. 

1.  Abstract 


This  report  discusses  the  possibility  of  incinerating 
neutralized  GB  salt  produced  at  Rocky  Mountain  Arsenal.  Existing 
equipment  which  is  used  for  Incineration  at  Rocky  Mountain  Arsenal 
is  described,  consisting  of  a  bulk  liquid  incinerator  and  two  batch 
furnaces  for  incinerating  the  contents  of  ton  cylinders.  Off-gas 
scrubbing  equipment  present  is  also  described. 

It  is  concluded  that  incineration  of  powdered,  spray- 
dried,  detoxified  GB  salt  in  the  present  -bulk  furnace  would  be 
much  preferred  to  use  of  the  ton  container  furnaces  and  that  a 
suitable  Incineration  rate  in  the  bulk  furnace  would  be  3,000  Ib/hr 
of  dried  powdered  residue  when  using  the  new  scrubbing  system.  -  - 

Pollutants  resulting  from  the  incineration  are  P2O5  and 
HF.  The  existing  packed  scrubber  will  successfully  recover  99.72 
of  the  HF  (effluent  quantity  released  =  1  Ib/hr)  if  L  (liquid 
rate)  =  I800,  G  (gas  rate)  =  800,  and  the  scrubbing  liquid  pH  is 
maintained  at  7. 0-8.0.  The  addition  of  a  high  efficiency  Brink 
Mist  Eliminator  is  required  to  reduce  the  PzOs  effluent  to  0.3I 
Ib/hr  (9  1.99972  overall  recovery). 

It  is  also  feasible  to  fire  the  bulk  furnace  with  a 
28.92  solution  of  neutralized  GB  salt.  This  requires  burning 
8690  cfh  of  1000  Btu/cf  natural  gas  in  addition  to  the  heating  value 
of  the  salt  itself.  Due  to  the  scrubbing  system  limitations, 
the  feed  rate  of  demilled  GB  solution  must  be  reduced  to  2550  Ib/hr 
of  detoxified  GB  salt.  Incinerating  the  solution  could  result  in 
appreciable  operating  cost  savings  over  continuing  to  spray  dry 
the  solution  first. 

The  design  conditions  for  the  bulk  furnace  have  been 
set  to  maintain  a  flame  temperature  not  in  excess  of  1800°F, 
slightly  below  the  melting  point  of  sodium  fluoride,  to  prevent 
coating  the  refractory  with  molten  material.  The  major  uncertainty 
regarding  use  of  the  bulk  furnace  is  a  question  concerning  the 
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composition  of  detoxified  GB  salt  combustion  products.  As  long  as 
the  combustion  products  consist  of  P2O5,  Na^O,  Na^COs.  NaP,  and  HP. 
no  difficulties  are  anticipated.  To  the  extent  that  P2O5  and 
Na^O  might  react  in  the  flame  to  produce  NaPOs  (melting  point  I600  ? 
a  severe  refractory  slagging .problem  could  ensue  for  which  no  cure 
Is  Tor  seen.  It  is  recoLended  that  a  bench  scale  test  of  possible 
slagging  problems  be  conducted  before  proceeding  with  plant  modifi¬ 
cations. 

The  cost  of  converting  existing  equipment  at  Rocky 
Mountain  Arsenal  to  incinerate  detoxified  GB  salt  is  of  the  order 

of  $1,025,000. 


The 


2.  The  Problem 

The  Army  Materiel  Command  has  a  disposal  problem  in 
connection  with  disposal  of  GB  -  a  chemical  warfare  material, 
first  step  in  detoxification  is  to  react  and  neutralize  the  GB 
with  NaOH.  The  resulting  mixture  is  a  solution  which  they  can 
spray  dry  in  existing  equipment  at  Rocky  Mountain  Arsenal  to 
produce  a  fine  granular  powder.  The  resulting  powder 
about  11%  sodium  isopropyl  methyl  phosphonate  solids  and  about 
23%  sodium  fluoride.  Over  the  next  three  years,  the  governmen 
have  prepared  about  7000  tons  of  this  material,. 

The  fine  powder  from  the  spray  drying  operation  has  been 
run  through  a  compaction  roll  in  an  attempt  to  produce  lumps  of 
the  material.  The  product  contains  long,  thin,  agglomerated  _ 

Sngers  of  the  crude  detoxified  GB  salt  interspersed  in  ^^^jompactec 
fine  powder.  The  yield  of  agglomerated  fingers  is  probably  around 

5055. 

The  purpose  of  agglomerating  the  powder  is  to  obtain 
lumps  which  might  be  further  processed  i^^^ome  ore-treating  process 
(such  as  cement  manufacture,  phosphate  nodulizing,  etc.)  where 
the  phosphonate  solids  could  be  oxidized  by  heating  to  CO2,  H2O, 
and  P2O5.  The  addition  of  the  spray-dried  fine  powder  to  such  an 
operation  might  cause  an  extreme  dusting  problem.  However,  the  . 
present  compacted  product  is  also  not  acceptable  for  the  same 
reason.  Screening  and  recycling  of  the  fines  to  the  compaction 
roll  might  result  in  a  product  suitable  for  disposal  in  this 

fashion. 

The  best  way  to  dispose  of  the  phosphonate  molecule  is 
by  combustion  or  incineration.  Since  the  Rocky  Mountain  Arsenal 
■  presently  contains  equipment  designed  for  incineration  of  was  e 
Lganic  liquids,  it  was  felt  that  this  equipment  might  possibly 
helsed  for  incineration  of  the  detoxified  GB  salt.  Accordingly, 
MLsIn?o  R^earch  Corporation  as  an  Army  Materiel  ^o^and  contrac¬ 
tor  was  asked  to  study  this  problem  and  Mountain^  ^ 

of  using  the  existing  incineration  cSrSot^of 

Arsenal.  This  study  has  not  been  made,  and  i'-  is  the  purpose  of 

this  report  to  present  the  results  of  this  SwUdy. 
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The  molecular  structure  of  the  phosphorate  salt  is: 


H 

H3C  -  0 

CH3 


sodium  isopropyl  methyl  phosphorate 


it  would 
forms  as 


For  ircireratior  of  the  reutralized  GB  salt  mixture 
be  possible  to  take  the  material  ir  ary  ore  of  several 
follows : 


The  presert  partially  compacted  product. 

The  spray-dried  product  without  compactior. 

The  spray  drier  feed  solutior  -  a  28.955  dissolved  solids 
(ir  water.)  solutior  of  the  dried  product. 

A  more  corcertrated  solutior  or  slurry  by  usirg  some 
subsequent  treatment  in  place  of  spray  drying. 


3.  Properties  of  Dried  Neutralized  GB  Salt 

As  previously  indicated,  the  neutralized  GB  salt  is 

IP  sodii^  isopropyl  methyl  phosphorate  (SIMP) 
and  23%  sodium  fluoride  (NaF) .  v  *  / 

Sodium  Isopropyl  Methyl  Phosphorate: 

Molecular  weight:  I6O.O8 

The  heat  of  combustion  of  SIMP  was  estimated  using 
Monsanto’s  physical  property  estimation  computer  program  E0052 

~  -690.8^9  Kcal/gram  mole.  This  program  makes  use 
of  Handrick’s  method  of  summation  of  the  contribution  to  combustion 
heat  of  individual  structural  groups.  R,  C.  Reid  estimates  that 
Handrick’s  method  estimates  AH  to  within  about  256  . 

combustion  of  SIMP  would  occur  in  accordance  with 
the  following  reaction: 


H3C- 


H 

-C- 


CH. 


CH, 


/ 


\ 

ONa 


=0  +  80- 


0' 


^C02(g)  +  5H20(g)  +  NaP03(s) 


Sodium  Fluoride 


Molecular  weight: 

Melting  point: 

Heat  of  fusion r  - 

Heat  of  capacity  of  solid: 

Heat  capacity  of  liquid: 


^1.99 

992°C  (.1817. 6°F) 

7780  cal/g  mole 
9.66  +  k.50  X  10“3  T(®K) 
cal/g  mol  -  ®K 
16.0  cal/g  mol  -  °K 


Based  on  the  above  data,  the  heat  released  in  burning  a 
mixture  of  the  above  materials  at  25°C  is  5,981  Btu/lb  of  the  dry 
mixed  salts.  Theoretical  air  for  combustion  of  1  pound  of  the 
mixed  salts  is  0.03848  lb  mols  of  O2  and  0.14476  lb  mols  of  N2. 


4 .  Possible  Incineration  Equipment  Available  at  Rocky  Mountain 
Arsenal 

The  Rocky  Mountain  Arsenal  has  available  several  differer.-j 
incineration  devices  which  have  been  used  in  the  past  and  are  j 

being  used  for  incinerating  various  materials.  These  are  a  bulk  | 
furnace- liquid  incinerator,  and  ton  container  incinerators  (2).  j 
A  common  combustion  product  scrubbing  system  is  available  to  contrc. 
release  of  effluents. 

a.  Bulk  Furnace  i 

The  bulk  furnace  was  originally  built  to  incinerate 
hydrazine  remaining  from  use  in  .rockets.  More  recently,  it- has 
been  adapted  to  the  incineration  of  mustard  liquids. 

The  bulk  furnace  is  a  horizontal  cylindrical  refractory 
lined  furnace  with  a  steel  external  shell.  A  compressed  air- 
liquid  atomized  burner  is  mounted,  on  the  end  of  a  small  combustion 
chamber  which  is  positioned  axially  at  one  end  of  the  furnace  on 
the  horizontal  centerline  of  the  furnace.  Combustion  products 
make  a  90°  turn  upwards  at  the  back  of  the  furnace  and  leave  throug; 
a  radial  outlet. on  the  top  of  the  furnace.  The  combustion  products: 
in  passing  through  this  outlet,  enter  a  refractory  lined  horizontal 
breeching  which  conducts  the  gases  to  the  off-gas  cooling  and 
scrubbing  system. 

The  horizontal  furnace  shell  is  lined  with  9  in.  of 
insulating  fire  brick  (type  unknown)  and  4-1/2  in.  of  70%  alumina 
fire  brick.  The  dimensions  of  the  furnace  inside  the  refractory 
are  9  ft  I.D.  by  I6  ft  11  in.  long. 

The  combustion  chamber  on  the  firing  end  of  the  furnace 
is  lined  with  M-28  insulating  fire  brick  and  70?  alumina  castable. 
Inside  the  refractory,  it  is  5  ft  4-1/2  in.  I.D.  by  4  ft  3  in. 
long.  There  is  a  2  ft  dia.  opening  on  the  back  of  the  combustion 
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chamber  where  the  liquid  atomizing  burner  is  mounted.  Secondary 
air  enters  the  combustion  chamber  in  an  annulus  surrounding  the 
burner. 


The  operating  cond_itions  and  limitations  in  the  past 

have  been: 


1.  The  furnace  was  designed  to  burn  35  gpm  of  hydrazine. 

2.  In  recent  operation,  the  furnace  has  been  used  to  burn 
a  maximum  of  3  gpm  of  mustard  liquids.  This  has  been 
stated  to  be  the  maximum  permissible  heat  input  without 
overheating  the  refractory  in  the  breeching.  This 
breeching  refractory  is  of  lower  quality  than  the 
refractory  in  the  furnace  and  is  said  to  be  good  only  to 
22 00-23 00°F.  As  an  operating  parameter,  they  limit 
off-gas  temperature  to  a  maximum  of  2200°F,  but  normally 
run  with  an  off-gas  set  point  of  1900°F.  All  of  the 
heat  is  supplied,  while  operating,  by  combustion  of 

the  liquid  which  is  being  incinerated. 

3.  The  capabilities  of  the  secondary  air  fan  are  unknown. 

An  actual  operating  test  conducted  when  burning  2  gpm 
of  mustard  showed  the  combustion  air  being  utilized  as 
^500  scfm. 

4.  Mustard  is  dichlorodiethyl  sulfide,  CH2CI-CH2-S-CK2-CH2CI. 
When  pure,  it  as  a  sp.  gr.  of  1.27^1  @  20®C  (10.6  Ib/gal), 
a  melting  point  of  1^.4°C,  and  a  boiling  point  of  217. 5®C. 
In  storage,  some  polymerization  of  mustard  occurs  which 
has  a  higher  melting  point.  .In  addition,  the  mustard 
reacts  to  some  extent  with  the  steel  ton  cylinders  in  which 
it  is  stored  to  produce  FeS  solids.  Thus  the  mustard 
liquid  being  burned  is  a  slurry  containing  about  30^ 
solids.  This  mustard  has  a  density  of  about  12  Ib/gal. 

b.  Ton  Container  Furnaces 

Some  of  the  mustard  cylinders  will  not  empty  completely 
due  to  the  presence  of  solids  and  polymerized  material.  These 
must  be  further  decontaminated  before  disposal.-  This  is  done  by 
punching  triangular  shaped  holes  in  the  portion  of  the  cylinder 
which  is  up  while  it  is  held  in  a  horizontal  position.  The  cylinders 
are  then  placed  in  a  small  long  horizontal  furnace  with  a  vertical 
sliding  end  door.  The  furnace  might  be  considered  to  resemble  a 
large  muffle  furnace.  Once  inside,  the  end  door  is  closed,  and 
the  furnace  is  heated  to  1000°F  by  burning  natural  gas.  The 
contents  of  the  cylinders  become  hot,  vaporize  (and  crack).  The 
vapors  burn  primarily  as  they  come  out  of  the  cylinders.  Final 
decontamination  may  occur  by  internal  burning  as  oxygen  diffuses 
into  the  cylinder.  The  ton  cylinders  of  mustard  are  30  in.  dia¬ 
meter  X  7  ft  long. 
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The  ton  container  furnaces  are  built  of  refractory, 
are  4  ft  3  in.  wide  inside  by  6  ft  0  in.  high  from  the  hearth  to  . 
the  beginning-  of  the  overhead  arch.  The  overall  length  of  the 
furnace  is  20  ft  3  in.  ,  but  only  the  first  10  feet  are  considered  ^ 
to  be  the  portion  where  ton-  cylinders  would  normally  be  placed,  j 
the  last  half  being  allowed  to  insure  complete  incineration  of  j 
the  gases.  i 

The  heart  is  constructed  of  2300®F  castable  refractory. 
The  walls  and  roof  are  made  of  brick.  The  exact  grade  is  unknown 
but  it  is  presumably  of  material  at  least  equivalent  to  the  hearth 
in  refractoriness. 

The  furnace  has  a  total  of  six  Maxon  wide-range  premix 
burners,  located  three  in  each  side  wall.  The  burners  near  the 
loading  door"  are  placed  about  2/3  of  the  way  up  the  side  wall  and 
burn  above  the  top  of  the  cylinders.  These  three  burners  are  all 
located  on  one  side  X)f  the  furnace  and  are  spaced  equally  along 
the  first  10  feet  of  furnace  length.  The  remaining  three  burners 
are  in  the  opposite  side  wall  equally  spaced  over  the  last  10  feet 
of  the  furnace,  and  vertically,  are  positioned  Just  above  the 
hearth.  All  six  burners  consume  a  total  of  200  cfm  of  1000  Btu  i 

natural  gas.  There  are  also  two  6  in.  dia.  air  inlets  in  the 
side  walls  to  provide  combustion  air  for  the  material  contained 
in  the  cylinders.  These  inlets  are  located  near  the  hearth  and 
close  to  the  lengthwise  center  of  the  side  walls. 

Frequently,  only,  one  ton  cylinder  is  placed  in  the 
furnace  at  a  time,  even  though -two  can  be  handled  about  as  well 
when  placed  end  to  end  in  the  furnace.  A  fairly  long  cycle  time 
is  required  for  completion  of  the  incinceration  process.  There 
are  three  phases  to  the  cycle:  heating  of  the  cylinders  to  1000®F, 
vaporization  and  oxidation  of  their  contents,  and  cooling  of  the 
furnace  and  charge  before  opening  to  the  atmosphere.  Overall 
cycle  time  is  in  the  neighborhood  of  10  hours  so  that  only  two 
batches  are  processed  in  a  2^-hour  day.  There  are  two  Identical 
furnaces  of  this  type  at  Rocky  Mountain  Arsenal.  The  combustion 
products  issue  from  the  furnaces  at  the  end  opposite  to  the 
charging  door.  They  connect  to  the  same  breeching  as  the  bulk 
furnace. 


c .  Combustion  Gas  Treatment 

There  are  two  parallel  off-gas  scrubbing  systems  which 
are  fed  from  opposite  ends  of  the  breeching  at  Rocky  Mountain 
Arsenal.  They  are  referred  to  as  the  "old  system"  and  the  "new 
system."  They  may  be  used  alternately,  or  in  parallel  if  needed  ■ 
to  handle  the  total  quantity  of  combustion  products  being  released. 
The  scrubbing  system  was  designed  to  remove  the  contaminants  pro¬ 
duced  when  burning  mustard  which  are  primarily  SO2  and  HCl.  It 
might  also  be  partially  effective  in  removing  oxides  of  nitrogen 
produced  during  the  combustion. 
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In  the  old  system,  the  hot  gases  (around  1900®C)  enter 
a  quench  tank  which  is  a  vertical  tank,  6  ft  dia.  x  9  ft  high. 

The  gas  inlet  nozzle  which  is  on  top  of  the  vessel  (with  downward 
flow)  projects  into  the  vessel  one  foot.  It  is  3  ft  6-1/2  in.  I.D. 
and  has  a  3-1/2  in.  thick  castable  lining.  The  vessel  itself  is 
constructed  of  Hastelloy  B  and  is  unllned.  There  are  four  levels 
of  spray  nozzles  installed  in  the  tank  through  nozzles  in  the 
vessel  side  wall  to  cool  the  hot  gas.  There  are  eight  nozzles 
spaced  at  45°  about  the  vessel  at  each  level,  giving  a  total  of 
32  spray  nozzles.  The  nozzles  are  Spray  Engineering  Co.  (Sprayco) 
No.  lllPSO  and  are  operated  with  a  recirculated  dilute  brine 
caustic  system  at  around  30  psig.  The  first  row  of  nozzles  is 
pointed  downward  at  around  30°  to  keep  from  spraying  liquid  on  the 
refractory  lining  of  the  inlet  duct.  The  remaining  rows  of  spray 
nozzles  are  directed  radially  inward. 

The  gas  outlet  is  on  the  side  of  the  vessel  at  the  bottom 
and  is  mounted  radially  on  the  vessel.  It  is  26-3/4  in.  I.D. 

There  is  a  6  in.  brine  drain  nozzle  on  the  bottom  of  the  quencher 
for  removal  of  the  spray  liquid. 

In  the  "old  system"  the  quenched  gas  is  conducted  to  the 
bottom  of  a  packed  scrubber  with  a  long  sloping  duct  about  26  ft 
in  length  and  containing  two  bends.  It  contains  10  duct  sprays 
spraying  vertically  downward  in  the  duct  from  its  top.  These 
spray  nozzles  are  the  same  as  those  used  in  the  quench  tank  and 
have  been  added  in  an  attempt  to  prevent  pluggage  in  this  duct¬ 
work  which  has  only  a  mild  slope. 

The  scrubbing  tower  in  the  "old  system"  is  an  8  ft  dia. 
packed  countercurrent  scrubber  containing  10  ft  11-3/4  in.  of 
1  in.  glass  Raschig  rings.  The  scrubbing  liquid  is  distributed 
over  the  packing  with  a  Norton  model  1837,  93  in.  dia.  polypropylene 
weir  through  the  gas  space  4  ft  6  in.  from  the  distributor  to  the 
top  layer  of  the  packing.  The  packing  support  is  a  Norton  Model 
801-R2,  93  in.  Hastelloy  B  perforated  multibeam  support  plate.  The 
tower  itself  is  constructed  of  carbon  steel.  Originally,  the 
interior  walls  were  covered  with  a  protective  coating,  but  we 
were  told  that  the  carbon  steel  is  now  exposed  in  many  places. 

The  scrubbing  liquid  is  the  same  recirculated  brine  caustic  solution 
used  in  the  quencher.  Gas  to  be  scrubbed  enters  the  bottom  through 
a  side  inlet  radial  nozzle  below  the  support  plate  and  leaves  at 
the  top . 

In  the  "new"  scrubber  system  flow  and  design  are  similar, 
but  certain  modifications  and  improvements  have  been  made.  The 
quench  tank  is  still  6  ft  dia.,  but  its  height  has  been  increased 
to  10  ft.  There  are  five  levels  of  spray  nozzles  entering  through 
the  side  walls  rather  than  four.  There  are  still  eight  equally 
spaced  spray  nozzles  at  each  level,  but  the  spray  nozzles  are 
Spraying  Systems  Co.  3/8G1550.  The  gas  leaves  through  a  duct  on 
the  center  of  the  bottom  which  is  30-1/8  in.  I.D.  and  which  is 
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much  steeper  and  shorter  in  connecting  to  the  bottom  of  the 
scrubber.  Both  gas  and  spray  liquid  leave  the  quench  tank 
through  this  one  duct.  Little  pluggage  problem  is  encountered 

sprays.  When  not  specifically 
mentioned,  other  design  features  are  similar  to  the  "old  system." 
There  is  a  Hastelloy  B  damper  in  the  duct  connecting  the  quench* 
gas^flow  system"  which  is  used  to  control 

The  scrubber  in  the  new  system  is  9  ft  dia  and 
packed  with  8  ft  11-3/4  In.  of  1  in.  glass  RLchif^inS  with 
another  2  ft  1  in.  of  1-1/2  in.  porcelain  rings  on  top  of  the 
glass  rings.  The  liquid  distributor  and  support  plates  are 
simixar  to  those  in  the  "old"  scrubber  except  for  diameter.  The 

utor^niffi^f  A  It  the  gas  space  between  the  distrib¬ 

utor  plate^  and  the  top  of  the  packing. 

TVho  There  is  no  mist  eliminator  following  either  scrubber. 

1  gases  from  the  scrubbers  are  conveyed  through  carbon 
steel  ductwork  to  a  common  electrostatic  precipitator  some  dlstanee 
away  and  located  outside  of  the  bulldlnE.‘^  The  precipl?t?L  Is  a 
five  stage  (five  compartments  In  series)  grid  or  plate  type 

horizontal  flow  between  the  plates.  The  precip- 

«  5?  kV  froS^the^ri????™  Precipitator  is  energized 

ar  pu  kv  from  the  rectifiers .  The  gases  passing  through  the 

precipitator  are  exhausted  to  the  atmosphere. 

+•  recirculating  liquid  system,  caustic  soda  is 

added  to  maintain  an  alkaline  pH.  Control  of  pH  is  manual  in  the 
old  system  and  automatic  in  the  new  system.  The  recirculated 

cni?!  a  large  stainless  steel  heat  exchanger  which 

cools  the  brine  going  back  to  the  quench  tank  and  scrubbers. 

t  is  not  strictly  adiabatic  and  within 

bIl?S  the^adLhp??p^^®^^°  temperature  somewhat 

below  the  adiabatic  saturation  temperature  of  the  incoming  gases 

«ii^J*iculty  with  fouling  and  pluggage  of  the  tubes 
of  this  heat  exchanger  is  encountered.  The  deposit  on  the  tanks 
appeared  to  be  largely  iron  compounds. 

produced  is  stored  in  storage  tanks 

e^anorftJS^^n'^ri®^*  mustard  incineration  is  • 

evaporated  to  dryness  in  a  spray  drier.  The  spray-dried  solids 

bpZn  retained  in  storage  and  hLe  not  yet^° 

been  disposed  of  in  a  permanent  manner. 

Analysis  of  Capabilities  of  Existing  Incineration  Facilities 

cons Idcra 1 1  on  of  the  incineration  equipment 
indicates  that  it  should  be  feasible  to  replace  the 
fuel  buper  in  the  bulk  furnace  with. a  pulverized  fuel 

PR  spray-dried  (and  uncompacted)  neutralized 

salt  in  the  bulk  furnace.  The  major  questions  relate  to  the 


A-9 


rate  at  which  this  furnace  would  burn  the  detoxified  GB  salt,  and 
whether  this  rate  would  permit  disposal  in  a  reasonable  time 
period.  •  - 

Combustion  of  the  detoxified  GB  salt  in  open  pans  in 
the  ton  container  incinerators  does  not  appear  nearly  as  attractive 
initially  because  of  the  low  exposed  surface  area  and  the  diffi¬ 
culty  of  getting  oxygen  to  the  surface  of  the  burning  particles. 

In  consideration  of  the  off-gas  scrubbing  system,  the 
possible  pollutants  will  be  NaF  dust,  HF,  P2O5,  and  NaP03  smoke. 

It  will  be  necessary  to  consider  the  capabilities  of  the  system 
to  recover  these  materials. 

Each  of  these  areas  has  been  investigated  and  will  be 
discussed  separately  on  the  following  pages. 

a.  Bulk  Furnace  Capability 

In  considering  the  adaptation  of  the  bulk  furnace  to 
incineration  of  detoxified  GB  salt,  it  is  necessary  to  determine 
what  are  the  limiting  factors  of  the  present  furnace  in  regard 
to  Items  such  as  heat  release,  residence  time,  flame  pattern, 
i>gf'j*actory  suitability,  combustion  temperature,  and  excess  air 
as  these  items  may  affect  incineration  capacity,  equipment 
serviceability,  and  completeness  of  combustion.  Since  ready 
answers  to  these  factors  are  not  available,  it  was  necessary  to 
make  calculations  on  the  bulk  furnace  concerning  its  past  uses 
to  discover  what  some  of  these  limiting  factors  might  be. 

(1)  Combustion  of  Mustard  Liquid 

Liquid  mustard  has  been  burned  most  recently  in  the 
bulk  furnace  at  rates  of  2  to  3  gpm.  Mustard  would  be  oxidized 
in  accordance  with  the  following  equation: 

H  H  H  H 

HC-C-S-C-CH+6%02  — ►  ^C02  +  3H20(g)  +  2HC1  +  SO2 
Cl  H  H  Cl 


Using  Monsanto’s  physical  property  estimation  computer 
program  (based  on  Handrick’s  method),  we  estimate  the  /tv 

combustion  of  mustard  as  AHc  =  -670.04  Kcal/g  mole  or  7581.6  Btu/lb, 
At  12  Ib/gal,  2  gpm  is  24_lb/min.  Thus  the  heat  released  due  to 
combustion  would  be  10.9  M  Btu/hr . 

When  2  gpm  of  mustard  was  being  burned,  4500  scfm  of 
combustion  air  was  used.  The  theoretical  air*  for  combustion 
1676  scfm,  so  approximately  16B%  excess  air  was  being  used.  With 
this  mixture,  the  theoretical  flame  temperature  in  the  furnace 
(neglecting  heat  losses)  calculates  to  be  I830  check 

on  the  reported  normal  operating  temperature  of  1900  F. 
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The  maximum  capacity  of  the  secondary  air  fan  is  not 
known,  nor  is  the  air  quantity  which  is  used  when  the  maximum 
mustard  feed  rate  of  3  gpm  exists. 

However,  if  we  as-sume  that  the  secondary  air  flow  is 
increased  to  maintain  essentially  the  same  flame  temperature, 
combustion  air  flow  would  be  6750  scfm.  This  sets  one  possible 
limit  on  the  capacity  of  the  secondary  air  blower. 

The  total  volume  of  the  furnace  and  burner  combustion 
chamber  is  1172.6  cubic  feet.  When  burning  3  gpm  of  mustard,  the 
heat  of  combustion  release  is  16.4  M  Btu/hr  or  a  heat  release 
rate  in  the  furnace  of  13,965  Btu/cf.  This  is  a  fairly  low  heat 
release  rate  for  a  liquid  fuel.  It  does  not  appear  that  combustion 
space  is  the  factor  which  limits  the  incineration  rate  to  3  gpm. 

Another  check  on  combustion  space  or  combustion  efficiency 
is  residence  time.  -  The  volume  of  the  combustion  products  when 
burning  3  gpm  of  mustard  is  702^  scfm  or  33,690  acfm  at  1900°F. 

This  gives  a  residence  time  of  2.09  seconds  which  is  decidedly 
ample  for  burning  a  liquid  fuel.  . 

The  statement  has  been  made  that  the  3  gpm  input  rate  is 
limited  by  the  off-gas  temperature  becoming  too  high  for  the 
breeching  refractory  when  the  fuel  input  is  increased.  However, 
since  there  is  adequate  combustion  space,  this  high  off-gas  i 

temperature  could  be  avoided  by  using  more  secondary  air  to  keep 
flame  temperature  down  if  it  were  available.  Therefore,  the  real  I 

limitation  must  either  be  lack  of  secondary  air  blower  capacity,  \ 

or  lack  of  system  exhaust- gas  handling  capacity  which  limits  the  j 
amount  of  secondary  air  which  can  be  used.  j 

I 

(2)  Combustion  of  Hydrazine 

Liquid  hydrazine  was  originally  burned  in  the  bulk  furnace 
at  a  rate  of  35  gpm.  Hydrazine  may  be  oxidized  as  follows: 

H2N  -  NH2  (1)-+  O2  —►2  H2O  (g)  +  N2 

The  heat  of  combustion  of.  hydrazine  at  25°C  in  accordance 
with  the  above  equation  is  AH^  =  -127.6558  Kcal/g  mole  or 

7,170.5  Btu/lb.  A  burning  rate  of  35  gpm  is  29^.76  Ib/min  for  a - 

heat  release  rate  of  126.8  M  Btu/hr. 

The  amount  of  excess  air  that  was  used  in  burning  the 
hydrazine  is  not  known.  Assuming  a  flame  temperature  of  2100°F, 
the  excess  air  required  is  15S%.  ■  Under  these  conditions,  total 
combustion  air  requirements  would  be  ^0,235  scfm.  This  appears 
to  be  a  rather  high  secondary  air  quantity  to  expect  to  obtain 
from  a  blower  which  now  may  be  limiting  the  capacity  of  the 
operation  to  perhaps  an  availability  of  6750  scfm. 
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There  may  be  two  possible  explanations  for  this: 

(a.)  The  present  -secondary  air  blower  might  not  be  the  fan  which 
was  used  previously  when  hydrazine  was  being  burned. 

(b)  When  hydrazine  was  burned,  there  would  be  no  pollutants 

produced  other  than  ozides  of  nitrogen  from  the  combustion 
operation.  Therefore,  it  seems  likely  that  the  gases  were 
released  to  the  atmosphere  without  scrubbing  and  that  the 
through-put  of  the  present  scrubbing  system  is  the  limiting 
factor  in  burning  mustard.  Subsequent  calculations  on  the 
scrubbing  system  do,  in  fact,  indicate  that  its  sizing 
corresponds  rather  closely  with  the  quantity  of  gas  produced 
from  burning  3  gpm  of  mustard,  so  that  it  is  highly  probable 
that  exhaust  system  capacity  is  limiting  the  amount  of 
secondary  air  that  can  be  used. 

Calculation  of  the  heat  release  volume  available  in  the 
bulk  furnace  when  burning  hydrazine  indicates  the  heat  release 
rate  was  108,150  Btu/cf.  This  is  a  considerably  higher  figure 
than  obtained  with  mustard,  again  indicating  that  combustion  space 
is  not  the  limiting  factor  in  burning  mustard.  This  hydrazine  heat 
release  figure  is  close  to  what  one  might  anticipate  as  a  top 
heat  release  capability  for  this  Incinerator.  The  literature 
reports  maximum  heat  release  rates  in  combustion  chambers  burning 
light  oils  of  100,000  Btu/cf.  ^ 

The  volume  of  combustion  products  (assuming  a  2100®P 
flame  temperature)  is  46,840  scfm  or  243,720  acfm  at  2100°P.  This 
^  residence  time  in  the  furnace  of  0.29  second  — —  very  close 
to  the  recommended  design  residence  time  of  0.3  second  for 
complete  combustion  in  an  Incinerator. 

Based  on  these  two  figures  of  heat  release  and  residence 
time,  we  can  conclude  that  the  bulk  furnace  was  being  operated 
essentially  at  its  maximum  capacity  when  it  was  burning  hydrazine. 

(3)  Design  Parameters  for  Detoxified  GB  Salt 

Since  the  sodium  fluoride  in  the  detoxified  GB  salt  has 
a  melting  point  of  1817.6°P,  it  would  be  desirable  to  stay  below 
this  temperature  in  the  bulk  furnace  in  order  to  avoid  coating 
the  refractory  lining  with  a  molten  corrosive  slag.  Therefore,  we 
should  design  for  a  maximum  flame  temperature  of  not  over  1800°P. 

The  excess  air  required  to  limit  flame  temperature  to  l800°P  is 
119?*  This  quantity  of  excess  air  has  been  assumed  as  one  of 
the  basic  design  parameters. 

With  a  heat  of  combustion  for  the  total  neutralized  GB 
salt  mixture  of  5,981  Btu/lb,  we  can  calculate  the  quantity  of 
detoxified  GB  salt  that  can  be  burned  for  various  combustion  chamber 
heat  release  rates.  We  can  also  calculate  the  quantity  of  combustion 
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air  required,  the  volume  of  the  combustion  products  produced  and 

incinerator.  All  of  these  can  be  used 
to  pick  various  limiting  features  in  the  process.  These  results 
been  tabulated  in  Table  B-I  along  with  the  length  of  operatin 
time  required  to  consume  7000  tons  of  detoxified  GB  salt.  ^ 


Table  B-I: 


A  number  of  comments  can  be  made  concerning  the  data  in 


(a)  Heat  release  rates  of  100,000-200,000  Btu/hr  cu  ft  are 

entirely  feasible  in  a  combustion  space  burning  gaseous  fuels 
Somewhat  lower  heat  release  rates  are  used  with  liquid  fuels  ' 
because  of  their  comewhat  slower  rate  of  combustion.  Heat 
release  rates  as  high  as  100,000  Btu/cf  can  be  achieved  with 
light  fufil  oil.  With  heavy  oils,  the  peak  rate  drops  to 
around  80,000  Btu/cf.  Often  combustion  chambers  are  designed 
for  heat  release  rates  of  iJO, 000-^5, 000  Btu/cf  with  liquid 
fuels.  These  lower  rates  would  apply  in  situations  where 
turbulence  is  not  high,  or  where  water  cooled  walls  are  presen- 
which  might  quench  the  flame.  With  combustion  of  solid  fuels* 
like  coal,  heat  release  rates  up  to  35,000-45,000  Btu/cf  may 
be  used.  Where  the  coal  has  an  ash  with  a  low  fusion  point, 
these  rates  may  be  dropped  as  low  as  15,000-25,000  Btu/cf  in 
order  to  prevent  coating  the  walls  with  fused  particles. 

On  the  basis  solely  of  heat  release,  one  might  safely  go  as 

high  as  100  Ib/min  of  detoxified  GB  salt  in  the  present  bulk 
furnace. 


(b)  The  amount  of  combustion  air  available  from  the  secondary  air 
blower  is  unknown,  but  it  is  believed  that  as  much  as  6750  scfr 
are  being  used  when  burning  3  gpm  of  mustard.  Assuming  this 
is  the  maximum  secondary  air  available,  this  might  limit  the 
capacity  of  the  bulk  furnace  to  46.8  Ib/min  of  detoxified  GB 
salt.  However,  when  burning  hydrazine,  it  appears  that  more 
combustion  air  was  available. 

(c)  Minimum  residence  time  required  for  complete  incineration  of 
gaseous  and  volatile  liquid  fuels  is  0.3  second  at  1300®F  or 
above.  Solid  combustibles,  depending  on  particle  size  and 
composition,  may  require  somewhat  longer.  Typical  burning 
times  for  coal  particles  of  various  diameters  are  tabulated 
below: 
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Table  B-I.  Operating  Factors  In  Incinerating  Dry  Detoxified 
GB  Salt  at  Various  Disposal  Rates 


Table 

B-II.  Burning  Times  for  Coal  Particles 

• 

Coal  Particle 

Size 

Microns 

U.S.  Mesh 

Inch 

Combustion  Time.  Sec 

325 

0.00173 

.  0.27 

74 

200 

0.00291 

0.47 

100 

150 

0.00394 

0.82 

149 

100 

0.00587 

1.4 

The  above  data  are  average  for  coal  particles.  Coal  with 
high  volatile  content  will  tend  to  burn  faster.  Detoxified 
GB  salt,  because  of  its  comparatively  short,  simple  structural 
nature,  should  tend  to  be  quite  volatile  (or  crack)  and  burn 
more  readily -than  the  data  above  indicate. 

However,  small  particle  sizes  are  advantageous  in  combustion 
of  a  solid  aerosol  mixture.  In  burning  pulverized  coal,  it 
is  often  good  practice  to  grind  to  coal  to  80!S  minus  200, 

.  mesh.  The  exact  particle  sizes  of  the  spray-dried  detoxified 
GB  salt  are  not  known.  It  is  quite  fine  and  it  is  likely 
that  it  could  be  burned  in  the  bulk  furnace  directly  as 
produced.  However,  to  be  sure  of  burning  completely,  a  small 
grind  the  salt  to  around  325  mesh  has  been  included 
in  the  equipment  cost.  With  fine  *  grinding  of  this  salt,  any 
feed  rate  up  to  100  Ib/min  should  certainly  produce  adequate 
burning  in  the  bulk  furnace. 

(d)  In  design  of  the  packed  scrubber  (which  is  discussed  later 
in  this  report)  it  is  desired  to  keep  the  gas  mass  velocity 
after  cooling  and  humidification  to  around  G  =  800  Ib/hr 
sq  ft  or  less.  This  corresponds  to  a  burning  rate  for  the 
residues  from  GB  of  50  Ib/min  for  the  new  scrubber  and  around 
37*5  Ib/min  for  the  old  scrubber.  If  both  scrubbers  were  run 
in  parallel,  combustion  rates  of  up  to  87-5  Ib/min  might  be 
handled. 

r 

Assuming  adequate  combustion  air  is  available,  a  detoxi¬ 
fied  GB  salt  feed  rate  to  the  bulk  furnace  of  50  Ib/min  would  be 
a  thoroughly  conservative  rate  as  far  as  the  furnace  is  concerned, 
and  it  is  recommended.  This  is  about  the  maximum  rate  that  could 
be  handled  with  the  new  scrubbing  system.  Whenever  the  old  scrubbir 
system  was  substituted,  it  would  be  necessary  to  cut  the  feed  rate 
back  to  around  40  Ib/mln  to  avoid  excessive  pressure  drop  in  the 
old  scrubber. 

•  i 

Using  both  scrubbers  simultaneously,  it  would  be  possible 
to  operate  the  bulk  furnace  at  rates  up  to  87.5  Ib/min.  However, 
this  constitutes  a  less  conservative  situation  for  the  furnace 
and  would  require  higher  cost  gas  handling  equipment  following* the 
present  scrubbers  than  has  been  included  in  the  cost  estimate.  Thi* 
situation,  while  possible,  is  not  recommended. 
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An  overall  heat  and  material  balance  for  operating  the 
bulk  furnace  at  a  50  Ib/min  feed  rate  is  found  in  Table  B-III. 

(M)  Uncertainties  in  Bulk  Furnace  Application 

The  above  recommendation  to  burn  50  Ib/min  of  powdered 
detoxified  GB  salt  in  the  bulk  furnace  is  a  safe,  conservative 
recommendation  as  regards  engineering  calculations.  However,  the 
high  temperature  chemistries  of  some  of  the  species  which  may 
be  present  are  not  subject  to  calculation  and  could  result  in 
processing  difficulties.  It  has  been  assumed  that  the  SIMP  will 
be  oxidized  to  PzOs  and  Na20  in  the  flame  at  l800°F  and  that  the 
NaF  will  either  remain  as  solid  airborne  NaF  particles  or  will 
react  to  produce  HF  and  Na20. 

The  assumption  of  P2O5  and  HF  species  represents  the 
worst  situation  in  regards  to  recovery  of  pollutants  in  the 
scrubbing  system,  and  adequate  modifications  to  the  scrubbing 
system  to  handle  these  difficulties  have  been  recommended. 

However,  there  may  be  the  possibility  that  P2O5  ^d 
Na20  will  react  in  the  flame  to  give  molten  NaPOs  (m.p.  1160®P) 
which  will  settle  out  in  the  furnace,  coat  the  refractory  walls, 
and  give  a  corrosive  slagging  problem  in  regard  to  the  furnace 
refractories.  To  the  extent  this  occurs,  the  off-gas  cleanup 
problem  becomes  easier  and  there  might 'not  even  be  a  need  for  a 
Brink  high  efficiency  mist  eliminator  to  capture  H3PO4  mist 
escaping  from  the  packed  scrubber.  But,  if  any  appreciable  aitjount 
of  NaPOs  is  formed,  it  could  result  in  fluxing  of  the  refractory 
lining  from  the  bulk  furnace  in  a  fairly  short  period  of  time 
(measured  in  weeks). 

Since  this  difficulty  cannot  be  determined  by  calculation 
it  is  recommended,  before  conversion  of  the  bulk  furnace  is 
commenced,  that  a  small  simulated  bench  scale  furnace  be  operated 
for  a  short  period  of  time  to  observe  any  slagging  tendencies.  A 
small  quantity  of  detoxified  GB  salt  could  be  burned  in  a  small 
705?  alumina  refractory  tube.  The  outside  of  the  tube  might  be 
wrapped  with  an  electric  heating  element  to  maintain  the  wall  at 
l800°F.  If  no  condensation  or  slag  accumulation  occurs,  there 
should  be  no  problem  with  operation  of  the  bulk  furnace  as  proposed 

b.  Ton  Container  Furnace  Capability 

Conceivably,  neutralized  GB  salt  could  be  burned  batchwise  in  the 
present  ton  container  furnace.  One  of  the  problems  in  burning 
the  detoxified  GB  salt  completely  is  the  matter  of  getting  oxygen 
to  the  surface  of  the  particles.  The  -product  could  be  placed  in 
a  large  pan  or  tray  in  the  furnace.  However,  as  it  became  hot, 
oxygen  would  get  to  the  material  only  on  the  surface  of  the  pile. 

As  the  neutralized  GB  salt  was  consumed,  leaving  a  sodium  fluoride 
ash  behind,  the  material  underneath  in  the  pan  would  tend  to 


A-16 


Table  B-III.  Operating  Conditions  for  Bulk  Furnace 
Using  Solid  Detoxified  GB  Salt  Firing 


Fuel  rate:  neutralized  GB  salt 
SIMP 
NaP 

Theoretical  combustion  air: 

O2 

N2  &  inerts 

Excess  air: 

Percent  excess  air: 

Heat  released  (@  25°C)  from 
burning  detoxified  GB  salt: 

Combustion  product  temperature: 
Combustion  products: 

Quantity  &  Composition: 
scfm 

acfm  €  1800®F 

CO2 

H2O 

Theory  N2 
Excess  air  ■ 

NaPO, 

NaF 


Sensible  heat  content  of 
combustion  products  above  20°C: 
CO2 
H2O 

Theory  N2 
Excess  air 
Na2F 
NaPOa 


Adiabatic  saturation  temperature 
of  combustion  products: 


50  lb /min 

38.5  lb/min-0 . 2^05  Ib.mol/min 

11.5  lb/min-0 . 2738  Ib.mol/min 

9.162  Ib.mol/min  (3289  scfm) 
1.92^  Ib.mol/min 
7.238  Ib.mol/min 

10.911  Ib.mol/min  (3917  scfm) 
1192 


17,9^^  Btu/hr 
1800®F  (982®C) 


7,^00 

34,000 

0.962  Ib.mol/min 
1.2025  Ib.mol/min 
7.238  Ib.mol/min 
10.911  Ib.mol/min 
0.2405  Ib.mol/min 
0.2738  Ib.mol/min 


20.8278  lb. mol/rain 


1,187,100  Btu/hr 

1.147.200  Btu/hr 
5,645,000  Btu/hr 

8.602.200  Btu/hr 
372,900  Btu/hr 
989,000  Btu/hr 


17,944,000  Btu/hr 


80.1®C 
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become  smothered  with  the  ash.  So,  if  a  pan  were  piled  deep  with 
material,  we  do  not  believe  that  the  material  on  the  bottom  would 
ever  become  completely  oxidized.  The  presence  of  unincinerated 
salt  from  GB  remaining  in  the  ash  could  present  a  disposal  problem 
in  regard  to  the  residue.  -  -  * 

Based  on  experience  with  burning  coal  in  a  pile  where 
the  air  enters  the  pile  from  the  top,  rather  than  traveling  through 
the  pile  from  a  grate  below,  we  do  not  believe  that  this  product 
can  be  burned  much  farther  than  to  a  depth  of  h—S  inches.  It  is 
difficult  to  burn  coal  containing  only  10^  ash  to  a  depth  greater 
than  this.  The  detoxified  GB  salt  can  be  considered  as  a  solid 
fuel  with  23?  ash. 

The  use  of  this  salt  in  lumps  would  facilitate  the 
penetration  of  oxygen  until  there  is  too  great  an  accumulation 
of  ash  on  the  surface.  Therefore,  the  present  compacted  material 
would  be  a  preferable  feed  to  the  spray-dried  material  without 
compaction.  The  removal  of  the  fines  from  the  compacted  detoxi¬ 
fied  GB  salt  would  even  be  preferable. 


To  achieve  maximum  burning  surface  in  the  ton  furnace, 
the  detoxified  GB  salt  might  be  charged  batchwise  into  a  ^  foot 
wide  by  14  foot  long  pan,  with  sides  perhaps  12-18  inches  high. 
The  salt  would  be  filled  to  a  depth  of  4-6  inches.  Assuming  a 
6  inch  depth,  a  single  pan  charge  would' be  1820  pounds.  The  pan 
would  be  placed  in  the  furnace  and  the  furnace  heated.  A 
maximum  achievable  burning  rate  for  coal  on  a  traveling  grate 
stoker  is  400,000  Btu/hr  sq  ft.  Without  air  actually  being  blown 
through  the  material  to  be  burned,,  it  is  unlikely  that  more  than 
1/5  of  this  burning  rate  would  be  achieved,  or  a  burning  rate  of 
80,000  Btu/hr  sq  ft.  This  means  that  the  maximum  incineration 
rate  for  the  detoxified  GB  salt  is  13.375  Ib/hr  sq  ft.  For  the 
above  size  pan,  the  burning  rate  is  750  Ib/hr  of  salt.  A  period 
of  2.4  hours  would  be  required  for  complete  oxidation  of  the 
charge  once  burning  temperature  is  reached. 


One  can  visualize  a  batch  cycle  which  allows  2  hours 
for  furnace  heatup,  2-1/2  hours  for  oxidation,  and  1  hour  to  cool 
down  for  a  total  cycle  time  of  5-1/2  hours.  With  two  furnaces 
in  use,  this  would  permit  a  total  of  about  eight  batches  per  day 
or  an  incineration  of  14,560  Ib/day.  Total  amount  of  detoxified 
GB  salt  which  could  be  incinerated  in  a  normal  year  would  be 
■ground  2430  tons.  To  incinerate  7000  tons  would  require  2.9  years. 


At  the  completion  of  each  batch,  the  pan  would  probably 
contain  a  NaPOa-NaF  glass  which  would  have  to  be  removed.  Its 
removal  in  the  molten  state  would  result  in  the -^need  for  special 
handling  equipment.  Its  removal  from  the  pan  after  solidification 
might  be  difficult  and  time  consuming.  To  the  extent  it  contained 
any  unincinerated  detoxified  GB  salt,  its  disposal  become  a 

further  problem.  Compared  to  incineration  in  the  bulk  furnace, 
this  does  not  appear  to  be  an  attractive  alternative. 
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(1)  Continuous  Approaches 

The. above  method  might  be  made  continuous  by  installing 
a  series  of  small  articulated  pans  (perhaps  ^  ft  lor^S  x  12  in.  wide;, 
on  an  endless 'belt  which  would  travel  through  the  furnace  and  re- 
cvcle.  The  returning  pans  at  one  end  of  the  furnace  would  be 
filled  with  fresh  detoxified  GB  salt  from  a  distributing  feeder 
while  the  residue  would  be  dumped  from  the  pans  at  the  opposite 
end.  The  capacity  of  the  furnace  would  be  greater  because  no 
time  would  be  lost  to  heating  up  and  cooling  down  of  the  furnace. 

It  would  always  stay  hot. 

The  furnace  capacity  of  a  single  furnace  with  such  a 
device  would  be  about  730  Ib/hr  or  17.520  Ib/day.  Approximately 
2  4  years  would  be  required  to  incinerate  7000  tons  of  the  salt 
u^Lrone  furnace.  The  time  could  be  reduced  to  half  if  conver- 
sions  were  made  to  both  furnaces. 

The  residue  discharged  from  the  pans  on  the  belt  would 
likely  be  a  molten  glass.  Facilities  to  catch  this  glass  and 
solidify  it  into  a  disposable  form  would  be  required.  Potential 
problems  revolve  around  the  possibility  of  the  glass  containing 
unoxidized  residue  from  the  salt.  There  is  also  a  question  Ox 
the  glass  viscosity  and  how  rapidly  and  cleanly  the  pans  would 
discharge.  The  simplest  device  would  be  to  fasten  the  Pans  to 
an  endless  chain  belt  which  would  rettirn  the  pans  through  tne 
furnace  upside  down.  However,  if  the  glass  were  sufficien  y 
viscous  that  the  pans  did  not  discharge  cleanly, 

continue  to  drip  glass  onto  the  floor  mfrht 

the  return  trip,  creating  a  buildup  in  the  furnace  which  might 

be  difficult  to  clean  out. 

Greater  capacity  could  be  obtained  in  the  ton  furnaces 
by  charging  the  detoxified  GB  salt  onto  a 

similar  device  where  combustion  air  is  blown  the  bed. 

this  clle!  the  burning  rate  could  be  as  high  as.JOO  000  Btu/hr 
sq  ft  of  grate  surface  or  perhaps  ^<000  Ib/hr  of 
per  furnace.  Daily  incineration  for  one  furnace 
per  day,  and  7000  tons  could  be  incinerated  in  around  0.44  year. 

Problems  that  would  be  encountered  are: 

(a)  Fines  in  the  present  compacted,  detoxified  GB  salt  would 
SDiil  through  the  grate  openings.  Without  undergrate  dust 
hoppers,  the  furnace  would  have  to  be  shut  down  frequently 
?o?  ollanout  of  accumulated  material.  Installing  undergrate 
hopperlwould  essentially  require  rebuilding  of  the  furnace. 

(b)  If  the  compacted  salt  were  screened  and  only  pelletized  l^P- 
fed,  the  spillage  problem  would  be 

pieces  near  the  end  of  the  burning  process  could  still  fall 
through  the  grates  and  cause  a  cleanout  problem. 
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(c)  To  the  extent  sodium  phosphates  are  produced  during  the 

molten  slag  could  develop  which  could 
stick  to  the  pates,  coat  them  up,  or  even  leak  through  into 

It^could^alL^n"®f^h  '^^®^®  freeze  and  bind  them  up. 

coat  burning  product  particles  and  prevent 

of  pmbustibles,  or  even  form  incompletely 
burned  clinkps  on  the  grate.  Either  of  these  last  possibil¬ 
ities  could  be  a  real  problem. 

Our  general  appraisal  Is  that  the  bulk  furnace  is  a  much 
more  promising  disposal  device.  lurnace  is  a  much 

5 .  Off-Gas  Scrubbing  System 

p  n  Mperials  which  must  be  removed  from  the  off-gases  are 

P2O5  gas  and  smoke;  HPO3  and  H3PO4  mist  from  partial  or  comolete 

Na^O,  NaP03:  Na2C03,  and  NaF  duS  aSd  ?5!ne 
tSsp  distribution  of  materials  between 

Thl  molt  Cfinjt  be  predicted  with  confidence, 

ine  pp  difficult  of  these  materials  to  collect  are  PoOc  smoke 

acid  mist,  and  HP  gas.  Therefore,  if  all 
il  compounp  containing  these  materials  are  assumed 

rLovei  fop,  ap  the  scrubbing  system  is  made  adequate  to 

repver  these  materials,  it  should  be  capable  of  efficient 
collection  regardless  of  the  species. 

handn«  calculations  were  made  on  the  scrubber  system  for 

of  detSfifiL^Gp’Si?®/^?"^  the  bulk  furnace  operated  at  a  50  Ib/mln 
Pnr.°?h2  ^  incineration  rate  using  only  one  scrubber. 

^7  incineration  rate  would  need  to  be  cut  to 

pcause  of  the  smaller  cross  section  of  the 

oackiL®'''’fThro?S  ^oppvent  excessive  pressure  drop  across  the 
-n  old  packed  scrubber  will  not  flood  even  at  the 

^0  Ib/min  incineration  rate.) 

(1)  Quencher 

■  Refeping  to  the  flow  quantities  shown  in  Table  B-III, 

.he  inlet  gas  to  the  quencher  from  the  bulk  furnace  will  be  7400 

be 

n  fin  lor  ^^ia^atically  saturated,  the  gas  will  be  cooled 

•0  bO.l  C  and  15.8  lb  moles/min  of  water  will  be  evaporated  into 
he  gas  stream. 


With  the  recirculation  of  the  scrubbing  liquid  through 

exchanger,  the  gas  can  be  "cooled  . “ 

S  ?nop^  tp  adiabatic  saturation  temperature  to  perhaps 

reduce  the  amount  of  evaporated  moisture  and 
through  the  packed-  scrubber  somewhat, 
mproving  its  scrubbing  efficiency  slightly.  However,  this 
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subcooling  of  the  gas  is  not  necessary  as  the  system  has  been 
checked  for  satisfactory  performance  at  the  adiabatic  saturation 
temperature.. 

At  the  adiabatic  saturation  temperature,  the  quantity 
of  gas  leaving  the  quencher  is  shown  in  Table  B-IV. 


Table  B-IV.  Data  on  Off-Gases  from  the  Quencher 

Comoonent 

Lb  mo Is /min 

Lb/min 

CM 

0 

0 

0.962 

42.33 

Theory  N2 

7.238 

202.66 

Excess  air 

10.911 

316.42 

H2O 

17.0266 

306.48 

NaPOa 

0.2il05 

24.53 

NaF 

0.2738 

5.48 

Total 

36.6519 

897.90 

Volume  §  Standard 

Conditions  13, 

082  scfm 

Actual  volume  €  1 

atm  16, 

916  acfm 

Water  evaporated 

in’  quencher  : 

-15 . 82  lb  mol/min 

285.09  lb/min  (34.2  gpm) 

(2)  Packed  Scrubber 

The  gas  mass  velocity  through  the  new  scrubber  is  G  = 

8^42  Ib/hr  sq  ft.  A  liquid  rate  for  efficient  scrubbing  of  L  = 

1800  Ib/hr  sq  ft  should  be  maintained.  This  would  require  a 
recirculation  rate  to  the  new  scrubber  of  1908.5  Ib/min  of  water 
(about  230  gpm) .  The  pressure  drop  through  the  packing  for  the 
gas  is  expected  to  be  about  0.9  inch  of  water  per  foot  of  packing. 
For  1  inch  Raschig  rings,  the  height  of  a  transfer  unit,  Hqq, 
is  expected  to  be  less  than  1.5  ft  for  something  over  7  transfer 
units  in  the  packed  scrubber. 

Both  P2O5  and  HF  will  tend  to  attack  the  glass  Raschig 
rings .  The  preferred  material  would  be  1  inch  carbon  Raschig 
rings  and  money  has  been  included  in  the  cost  estimate  for  new 
tower  packing.  However,  for  a  short  term  operation,  and  if  the 
pH  is  kept  sufficiently  alkaline,  it  may  be  that  the  attack  on 
the  glass  rings  will  not  be  too  rapid. 
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It  is  anticipated  that  some  corrosion  of  the  steel 
shell  will  also  occur. 

The  circulation  rate  required  in  the  old  scrubber  to 
maintain  a  liquid  rate,  L  =  _l800,  is  I508  Ib/min  (about  I80  gpm) . 

(3)  P2O5  Recovery 

Essentially  no  P2O5  smoke  particles  (which  will  be  below 
1  micron  in  size)  will  be  collected  in  the  quencher  although 
essentially  all  P2O5  particles  will  be  at  least  partially  hydrated 
here  to  HPO3  mist  particles.  The  mist  particles  leaving  the 
quencher  will  have  a  median  size  range  from  0.8  to  1.0  micron. 

Monsanto  has  little  experience  in  recovery  of  P2O5  and 
phasphoric  acid  mist  in  a  packed  bed  with  alkaline  scrubbing 
liquor,  nor  is  there  any  reported  information  in  the  literature. 
Scrubbing  efficiency  is  well  known  in  neutral  and  mildly  acidic 
solutions.  All  of  the  P2O5  and  acid  mist  entering  the  scrubber  is 
particulate  (not  gaseous)  and  collection  in  a  packed  bed  occurs 
by  a  combination  of  impingement  and  Brownian  diffusion.  It  is  not 
anticipated  that  these  collection  techniques  would  be  influenced 
appreciably  by  scrubbing  with  liquor  of  alkaline  pH. 

Based  on  Monsanto  experience,  we  would  expect  about 
collection  of  the  P2O5  in  a  packed  scrubber  with  11  ft  of  1  in. 
Raschig  rings.  If  all  of  the  phosphorus  in  the  detoxified  GB 
salt  is  in  the  form  of  P2OS,  the  entering  quantity  to  the  packed 
scrubber  will  be  1024.5  Ib/hr  at  a  concentration  of  592  mg  P205/scf. 
The  exit  quantity  would  be  6I.5  Ib/hr  and  the  exit  concentration 
would  be  35.5  mg/scf. 

A  plume  released  to  the  atmosphere  containing  this  much 
P2O5  or  acid  mist  will  be  very  opaque  because  the  particle  sizes 
3-11  be  submicron.  The  trail  from  such  a  plume  would  extend 
for  at  least  10  miles.  Therefore,  further  collection  is  necessary. 

The  present  electrostatic  precipitator  could  collect 
the  mist,  but  the  carbon  steel  internals  would  be  quickly  corroded. 
Therefore  it  is  recommended  that  a  Brink  high  efficiency  glass 
fiber  mist  eliminator  in  a  stainless  steel  shell  be  installed 
following  the  packed  scrubber.  Such  a  mist  eliminator,  plus  stain¬ 
less  steel  ductwork,  a  stainless  steel  exhaust  fan,  and  a  100  foot 
tall  stainless  steel  stack  with  York  mesh  entrainment  separator 
at  the  top  have  been  included  in  the  estimated  cost  of  process 
alternations. 

The  high  efficiency  Brink  mist  eliminator  should  be 
designed  for  99.5%  collection  on  1  micron  size  particles.  Accord¬ 
ingly,  the  P2O5  quantity  in  the  effluent  from  the  stack  will  be 
0.31  lb  P205/hr.  This  should  provide  only  a  barely  discernible 
trace  of  P2O5  in  the  plume  following  the  dissipation  of  any 
condensing  water  vapor  in  the  effluent. 
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The  Brink  mist  eliminator  should  be  equipped  for  an 
irrigating  spray  for  washing  water  soluble  particles  from  the 
elements.  In-this  manner,  the  mist  eliminator  will  serve  as  a 
total  final  collector  for  any  other  particulate  matter  getting 
through  the  packed  scrubber. such  as  NaF  or  sodium  phosphate 
particles. 


Due  to  the  high  water  vapor  content  of  the  effluent, 
it  is  anticipated  that  the  effluent  will  have  a  highly  visible 
condensing  steam  plume  on  the  stack  during  most  of  the  year’s 
operation. 


(i4)  Fluoride  Recovery 

If  the  spray  in  the  quencher  is  maintained  with  a  neutral 
or  alkaline  pH,  a  certain  amount  of  the  HF  will  be  recovered  in 
the  quencher.  The  exact  amount  will  depend  on  the  pH,  the  ratio 
of  liquid  to  gas,  the  size  of  the  spray  particles,  and  the  residence 
time.  However,  for  this  study,  collection  of  the  HF  in  the  quencher 
has  been  neglected  and  the  design  of  the  packed  scrubber  checked 
to  see  that  at  least  99.7?  of  the  fluoride  would  be  collected  in 
it. 

Assuming  that  all  of  the  fluoride  in  the  detoxified  GB 
salt  enters  the  scrubber  in  the  form  of  HF,  the  inlet  quantity  is 
328.6  Ib/hr.  The  inlet  mol  fraction ‘(yi )  =  0.007^6.  The  partial 
pressure  of  HF  in  the  inlet  gas  is  5.67  mm  of  mercury.  For 
desirable  pollution  control,  it  is  believed  that  the  HF  concen¬ 
tration  in  the  outlet  gas ~raust  be  reduced  to  no  more  than  1  pound 
per  hour.  This  is  a  mol  fraction  in  the  outlet  gas  (yz)  =  2.28 
X  10”^.  The  partial  perssure  of  HF  in  the  outlet  gas  will  be 
0.017  mm  of  mercury. 

To  achieve  such  a  low  outlet  partial  pressure  of  HF, 
it  is  absolutely  essential  that  the  scrubbing  be  countercurrent 
and  that  there  be  no  back  pressure  of  HF  above  the  incoming 
scrubbing  solution.  This  means  that  the  scrubbing  solution  pH 
must  be  maintained  in  the  pH  range  of  7. 0-8.0.  If  the  pH  becomes 
appreciably  more  alkaline  than  8.0,  CO2  will  start  to  be  absorbed 
with  attendant  increase  in  caustic  consumption.  The  control  of 
pH  can  be  with  either  sodium  or  calcium  alkalies.  However,  the 
use  of  calcium  would  require  the  addition  of  a  settling  thickener 
to  remove  solids  from  the  recirculating  stream. 

With  a  recirculation  rate  L  of  I800  and  assuming  all 
fluoride  is  in  the  form  of  HF ,  the  weight  concentration  of  HF 
in  the  leaving  liquid  from  the  scrubber  would  be  0.285?  HF,  The 
vapor  pressure  of  HF  above  this  solution  at  80®C  is  0.123  mm 
of  mercury,  and  the  equilibrium  back  pressure  of  HF  in  the  gas 
yz*  is  -1.61^  X  lO"**. 


A-23 


5  9  transfS  Jn  the  fashion  described  requires 

ThP  to  reduce  the  HP  outlet  quantity  to  1  Ib/hr 

paced  scrubber,  when  operated  in  the  fashion  d^cribed  w?ii 
actually  have  7  transfer  units.  * 


Possibility  of  Incinerating  Detoxified  GB  Salt  Solution 


neutralized  GB  salt  solution  which  is  presently 
fed  to  the  spray  drier  runs  28.9%  dissolved  salts  and 

, A  considerable  savings  in  operating  cost  could  result  if ^ 
this  solution  could  be  sprayed  directly  into  the  bulk  furnace 

fonnrf  therefore  made  and  it  was 

found  that  this  could  be  done  if  some  supplemental  fuel  were 

supplied  to  help  evaporate  the  water.  The  same  design  parameter*! 

preceding  pages  of  thif  report. 

r  ^  ^^ctor  was  found  to  be  the  off-gas  handline  canabini-v 

so  this  was  set  at  G  =  800  Ib/S 

dltoxified*^rR^^=?t  hate  to  t2.5  Ib/min  of  dissolved, 

detoxified  GB  salt  or  1^7  Ib/min  of  solution. 

ciiion  >,«  incineration  rate  is  2550  Ib/hr  of  salt,  requirine 

5^90  hours  or  0.69  year  to  incinerate  7000  tons.  ^  ^ 

lonn  which  must  be  supplied  is  S.'^l  cf  of 

1000  Btu/cf  natural  gas  per  lb  of  dissolved  salt  incinerated  It 

excesral?”S;f  burned 

detoxiftiri  Vr  L??  ^  '2°  excep  air  would  be  provided  for  the 
detoxified  GB  salt.  Fuel  oil  could  be  used  for  the  supplementary 

Umlttl  ?r?8Jo»F!  temperature  has  again  been 

r^emair,  t-v>  modifications  to  the  gas  scrubbing  system  would 
remain  the  same.  The  cost  of  handling  the  liquid  solution  has 

detail.  Presumably,  liquid  salt  solution 
storage  tanks  would  have  to  be  provided  instead  of  a  solid  residue 
storage  and  feeding  system.  Burner  changes  would  still  be 

there  would  be  no  need  for  a  detoxified  GB  salt 

overall  capital  cost  of  modifications  to  burn 
the  solution  should  be  about  the  same  as  has  been  estimated  for 
the  dry  salt  —  perhaps  an  insignificant  amount  less. 

lists  operating  parameters  for  the  bulk  furnace 
when  burning  42.5  Ib/min  of  detoxified  GB  salt  in  a  28. 9?  water 
solution. 
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Table  B-V .  Operating  Conditions  for  Bulk  Furnace 

Using  28.92  Detoxified  GB  Salt  Solution  Feed 


Detoxified  GB  soln.  feed  rate 
SIMP 

NaF 

H2O 

1^7  lb /min 

32.73  lb /min 

9 . 77  Ib/min 

10^.50  Ib/min 

Fuel  rate  -  natiu?al  gas: 

8690  cfh 

Combustion  air: 

^^87  scfm  (202  excess  air  for 
natural  gas  only) 

Combustion  temperature: 

1800®F 

Combustion  products: 

Quantity  &  composition: 
scfm 

acfm  €  1800®F 

CO2 

Theory  N2 

Excess  air 

H2O 

NaPOg 

NaF 

6958 

31,962 

1.2385  Ib.mol/min 

9.2689  Ib.mol/min 

0.7853  Ib.mol/min 

7.6522  Ib.mol/min 

0.204i|..  lb..mol/min 

0.2327  Ib.mol/min 

19.3820  Ib.mol/min 

Adiabatic  saturation  temperature 
of  combustion  products: 

90.65°C 

Water  evaporated  (adiabatically) 
in  quencher: 

37^.1  Ib/min  -  (^^.9  gpm) 

Volume  of  cooled  gases 
leaving  quencher: 

1^,^12  scfm 
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7 .  Estimated  Costs  of  Process  Modifications 

The  -costs  of  modifying  the  existing 'equipment  at  Rocky 
Mountain  Arsenal  in  connection  with  using  the  bulk  furnace  to 
incinerate  spray-dried  detoxified  GB  salt  have  been  developed. 

These  costs  are  to  be  considered  only  as  order  of  magnitude  costs 
since  Monsanto  has  little  information  as  to  where  the  new  equip¬ 
ment  would  be  specifically  located,  building  or  piping  modifications 
that  might  be  required,  or  any  knowledge  of  Rocky  Mountain  Arsenal 
installation  costs  or  construction  procedure  requirements.  To 
develop  these  approximate  costs,  the  present  purchase  costs  of  the 
new  equipment  items  have  been  estimated  and  the  installed  costs 
have  been  obtained  with  the  use  of  a  multiplier  of  5-1/2  to  cover 
foundations,  piping,  building  items,  erection,  contractor  overhead 
and  profit,  and  engineering  costs. 

The  equipment  modifications  required  are: 


Salt  unloading  hopper 
Unloading  hopper  screw  conveyor 
Unloading  elevator 

Unloading  area  dust  collector  and  exhaust  fan 

Salt  feed  bin  ,  ^  ^  ^ 

Salt  airlock  screw  feeder  with  variable  speed  drive 

Salt  grinding  mill 
Burner  airveyor  and  burner 

Carbon  Raschig  rings  for  one  packed  scrubber 
High  efficiency  Brink  mist  eliminator  _  _ 

Stainless  steel  exhaust  fan  with  flow  control  damper 
Stainless  steel  stack  and  York  mesh  demister 


A  rough  breakdown  of  equipment  cost  by  groups  is. 


Unloading  hopper,  conveyors 
and  elevators 

Unloading  area  dust  collector  and  fan 

Feed  bin  and  feeder 

Grinding  mill 

Burner  piping  and  burner 

Carbon  Raschig  rings  for  scrubber 

316  SS  H.E.  Brink  mist  eliminator 

Exhaust  fan 

316  SS  stack  and  York  mesh  demister 


$  12,000 

12,000 

6.500 

2.500 
8,000 

13,500 

82,000 

13,000 

37,000 


Total  equipment  cost 


$186,500 


Installed  cost  including  auxiliaries, 

erection.  Overhead,  engineering,  and  _ 

contingencies  $1,025,000 
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4  scrubbing  system  modifications  have  been  priced  for 

So?h  SrubM^^  one  scrubbing  system.  If  it  were  desired  i^operlte 
rates  item^  in  parallel  to  permit  higher  incineration 

I^d™b3!fd  cSs?®  "  have 


8-  Additional  Calculations 

After  completing  the  calculations  summarized  in  the 
preceding  seven  sections  in  this  Appendix  (Appendix  B)  it  was 
suggested  that  similar  calculations  should  be  done  for* a  different 
composition  of  demilled  GB  residue  which  contained  a  siraificlnt 
amount  of  sodium  carbonate.  Pour  separate  salt  composiwons  Sve 

’^he  corresponding  associated  costs  have  been 
estimated.  Bped  on  the  information  available  to  us,  the  followlne 
compositions  have  been  considered,  ^ 

Case  I  23?  NaF,  77%  SIMP 

Case  II  aqueous  solution  containing 

Case  III  15S  NaF,  60?  SIMP,  25?  Na^COg 
Case  IV  15?  NaF,  60?  SIMP,  25?  NajCOa  as  an  aqueous 

solution  containing  28.9?  salt. 

a.  Combustion  Products 

natu-rp  of  available  to  calculate  the  exact 

nature  of  the  combustion  products.  However,  by  applying  the 

estimating  other  data,  and  comparing  these  systems 

li^eir^ossiMlII?:^^'^  literature,  the’^follfwing 

a  meltlne  noLt^f  produce  NaPOs  which  has 

with  NaP®fSr™?L  h“hn,  this  will  react  in  the  melt 

wirn  NaF  forming  the  monofluorophosphate,  Na^POgF  (M.P.  635°C) 

unstable  in  the  mllt^o^ing  a  vari;ty 
products,  e.g.  Na^PzOT,  Na3P04,  and  other  poly- 
phosphates  as  non-volatiles  and  HP  and  P^  al  volatiles  in  the 
presence  of  water  vapor  and  o^tygen,  respectively: 

the  evolution  “^^NasCOs  to  the  system  should  reduce 

a  ^  extent.  Carbon  dioxide  will  be  produced 

NaPOa  Na  non-volatiles;  all  combinations  of 

Sxtu^a  nf  Sla.f?  melting  point  eutectics.  But  the 

point^  ^  products  are  likely  to  have  higher  melting 

that -(-on  general,  both  systems  will  form  mist-like, 

proposed  operating  temperature  of 
ba  Chamber.  The  vapor  pressures  appear  to 

sufficieni,ly  low  that  an  insigniflcent  amount  of  non-volatiles 
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will  be  carried  over  as  vapor.  The  entrained  droplets  will  be 
carried  over  to  the  quencher  where  the  salts  will  dissolve;  the 
remainder  will  condense  on  the  furnace  exhaust  and  walls,  forming 
a  molten  slag  which  will  accumulate  at  the  base  of  the  furnace. 

The  nature  of  the  slag  will  depend  on  the  initial  salt 
composition,  furnace  temperature,  and  extent  of  melt  reaction. 
However,  both  fluorine  and  phosphates  will  be  present  in  the  slag. 

b.  Combustion  Chamber  Refractory 

The  furnace  slag  as  described  above  is  highly  corrosive 
to  common  refractories.  Vfhere  only  phosphates  are  present,  zircon 
refractories  have  been  used,  e.g.  In  the  manufacture  of  "calgon.” 
According  to  Charles  Taylor  and  Sons,  phosphate  calcining  furnaces 
where  fluorine  gas  is  driven  off  at  about  2600°F  have  a  refractory 
life  of  about  3  months  when  high  alumina  brick  is  used.  They 
recommend  either  zirconium  brick  or  "Tiger  Brick”,  a  hard  burned, 
clay  free  mullite.  Even  with  these  corrosion  resistant  refractories, 
their  useful  life  would  probably  not  exceed  one  year. 

Before  any  decision  is  made  regarding  refractory  instal¬ 
lation,  the  material  should  be  tested  in  the  laboratory  to  determine 
the  products  of  combustion  and  their  effect  on  the  proposed  refrac¬ 
tory. 


c.  Economics 

The  capital  costs  for  the  equipment  necessary  to  perform 
the  incineration  of  1)  spray  dried  solid  feed,  and  2)  aqueous 
solution  feed  were  estimated  separately  as  slightly  different 
equipment  will  be  required  to  handle  each.  The  total  project 
fixed  capital  estimate  includes  new  equipment,  modifications  to 
existing  equipment,  and  an  estimate  of  the  value  of  existing 
equipment . 

To  process  spray  dried  solids: 

New  equipment  and  modifications* 

Existing  equipment 


Total  fixed  capital 

To  process  28.9?  aqueous  solution 

New  equipment  and  modifications* 

Existing  equipment 

Total  fixed  capital  $1,^00,000 

*Includes  9”  zircon  refractory  lining  in  furnace 


$1,100,000 

520,000 


$1,620,000 


$  920,000 
480,000 
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The  capacity  of  the  scrubber  was  taken  as  the  limiting 
factor  for  determining  production  capacity;  for  pur- 
purposes  of  calculation  the  maximum  gas  flow  allowed  in 
the  scrubber  was- 800  Ib/hr-ft^.  The  results  of  the 
calculations  are  as  follows. 


Incineration  Capacity, 
Mlb/yr  on  solids  basis 

Operating  Cost,  M$/yr 

Unit  Cost,  $/100  lb 
Solids 


Case  I  Case  II  Case  III 


19.^ 

690 

3.55 


19.0 

690 

3.63 


25.7 

570 

2.22 


More  details  are  given  in  the  following  section. 


Case  IV 

.  17.6 
610 

3.^7 


Temperatures  and  compositions  are  given  for  each  of  the 
four  cases.  The  quenched  gas  composition  refers  to  the 
composition  of  gases  going  to  the  scrubber  assuming: 

1.  All  of  the  fluorine  is  present  as  HP. 

2.  All  of  the  carbonate  is  converted  to  CO2. 

3*  None  of  the  gases  are  absorbed  in  the  quencher. 

The  scrubber  efficiency  is  the  same  as  previously 
described  by  B.  .B.  Crocker  in  his  report  dated 
May  10,  197^. 


were  made  Initially  on  the  basis  of 
100  lb /min  of  solids,  then  factored- down  to  ’’actual  operation” 
reflecting  the  limiting  gas  flow  of  800  Ib/hr-ft^  in  the  scrubber. 

The  economics  are  based  on  the  following  assumptions. 
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1. 

2. 

3. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 


On  stream  operation  - 

Repairs  - 

Factory  supplies  - 

Payroll  charges  - 

Controllable  Overhead  - 

Non-controllable  Overhead 

Clothing  and  laundry  - 

Supervision  - 

Operators  &  labor  - 

Depreciation  - 

Materials  and  Services 


788^  hr/yr 

10^  of  fixed  capital 
10%  of  repairs 
16^  of  labor  +  supervision 
30^  of  direct  conversion 
costs 

-2%  of  M&E  capital  costs 

-$15/man-month 

-10^  of  labor  (Case  I) 

-$6 . 00/hr 
-Not  considered 


Caustic  (50%) 
City  Water  — 
Natural  Gas  - 
Electricity  - 


$3.21/cwt  NaOH 
.30/ccf 
1. 07/mcf 
3 . 00/ckwh 


PLEASE  NOTE  THAT  NUMBERS  PRINTED  DO  NOT  INDICATE 
ACCURACY,  MERELY  AN  ABSENCE  OF  ROUND-OFF. 
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APPENDIX  B 

Hazardous  Waste  Management/Statement  of  Non-Toxicity 


1)  Environmental  Information,  "Hazardous  Wastes 
and  Their  Management." 

2)  Statement  of  Non-Toxicity, 
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—  TV 


HAZA.RDOUS 


V:ASTES  AIJD  TiiEIR  KANACEMENT 


Onti  of  the  serious  drev/bae'es  of  the  tochnol  ogi  cnl  era  is  the 
steadil;/  increasing  amount  of  hazardous .wastes  being  produced  daily 
by  i  r  f!  u  s  t  ry  ,  ogri  cul  ture  ,  ouvernment ,  hospital's,  and  laboratories. 

All  radioactive  waste  material  is  regarded  as  hazardous.  In  addit’on 
about  10  percent,  or  at  least  10  million  tons  per  year  of  all  waste 
material  genera  Led  by  industry  is  considered  hazardous.  To  protect' 
human  h.-.-ilth  and  the  natural  envi ronrent  it  is  insperative  that  we  use 
safe  hdndlir.q  and  disposal  techniques  for  these  wastes'. 

h  a  7.  a  r  d  c  u  s  w  a  s  t  e  s  ? 

They  nre  wsstes  that  pose  a  .subs  tantial  danger,  iir.nediately  or 
ever  cir-.o,  to  human,  plant,  or  animal  life  and  which,  therefore,  mus't 
be  handled  or  disposed  of  with  special  precautions.  They  nay  be 
cheiri cal  ,  biological,  flammable,  explosive,  or  radioactive  substances 
They  arc  mcstly  liquids  but  also  occur  as  gases,  solids,  and  sludges. 
Sene  specific  examples:  arsenic-bearing  fliie  dusts  from  the  smelting 
of  metallic  ores,  pesticide  ’wastes,  oily  sludges  from  the  petrochomi c 
i  odus  tr  I  es  ,  obsolete  rcun  i  ti  ons  ,  radioactive  v;asto  from  nuclear  power 
plants.  ,  . 

Hev/  are  they  disposed  of  now?  . 


Radioactive  wastes  are  stored  and  monitored  according  to  Federal 
and  Stats  regulations  until  decayed  i nto  harml css  s ubs tances --a  proc.^ 
that  takes  from  several  months  to  hundreds  of  thousands  of  years. 

The  most  co.mmon  methods  cf  disposing  of*  other  hazardous  wastes 
are  dumping  on  the  land,  burial  in  the  land,  injection  in  dctep  wells, 
and  dumping  in  the  ocean.  So!!:etiines  explosives  are  detonated  and 
burned  in  the  open.  .  And  .some  Organic  chemicals,  biological  wastes, 
fla:.:mable  materials  are  incinerated.  Each  of  these  commonly  used 
disposal  methods. is  a  potential  threat  to  public  health  and  the  envlr 
ment.  • '  ' 

Some  industrial  firms  and  other  sources  of  waste,  are  processing 
and  disposing  of  their  hazardous  materials  safely.  In  fact,  a  hazard 
waste  na.io gement  industry  has  developed  in  the  past  fe.w  years,  but  at 
pres’ont  it  is  handling  only  about  six  percent  of  the  .illation's  needs. 
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exc'n, 
cent: 
h  u  s  p  i 

duinp 

into 


nun’ber  of  instances  of  serious  i 
'cs:  Arsenic  buried  30  years  ago 


a  r  1:1  a  r  e  o  n  r  c-  c  u  i  (J  .  ■ 

near  Pei  ,  i-ii  r. neso  ^  a  , 

':i  noted  a  new  well  drilled  near  the  site;  several  persons  .et 
In  ’.'aynesbdro ,  Tennessee,  chci.iical  wastes  at  a  city 
a  spring  that  rises  under  the  du!:.p  and  Lhen  ^c.pLi  .‘S 

soui'ce  ot  rirlnhiiig  wotcjr,  as  •..■el] 

is  nc'w  pol 
purposes 

a  Mew  Oursey  landfill,  a  bulldozer  operator  was  killed  in  U'74 
drums  of  chemical  wastes  exploded. 


ta  i  1  zed .  .  In  V.'ay nesbo ro  , 
got  into 

a  creek;  once  used  as  a 


water inq  cattle,  fishing,  and  recreation,  the  creek  i: 
for  at  least  10  miles  and  is  not  fit  for  any  of  these 


.)  Ij  ij  V 
‘■j  "1. 0  '.i 

At 
•..‘  li  Ci  n 


Are  there  regulations  that  applv..to  disposal  of  hazardoj^s . w-iL^Jt-s.? 

The  disposal  of  wastes  on  land  is  essentially  unr_equl.ated  except 
1C  case  oT  ra'Iioacti  ve  wastes.  The  C ,  1  y  a  i  •, ,  _  A  i,  r  A  cj^^  c  o  v  o 
ixic  materials..  The  Federal  V?ater  Poilutirn  C  o  lA  i  o  1_A  jLL-P  '  ;9/2 


i  n  the 

o.f  to _  _  _ _ 

deals  with  the  discharge  ot  hazardo  -us  :  a  i  e  r  i  a  l  s 
And  the  Ma  ri  ne  Proterti  on  ,  R e £ e a r c h  r: d , AJ.n c ‘ 
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or 
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D  u  'H  r  1  n  n ']  .  r  e  q  ’J  Ai  1 0  s  0  c  e  a  n  d  1  s  p  0  s  a  i  0  p  e  r  a  c  1  0  n  s  . 

laws  pi'dtccti  r.a  air  and  water  are  impl  enisnted ,  many  hazardous  suospnees, 

oncentrated  form,  are  being  diverted  to  tne  land.' 


sometiines  in  greatly  concentrated 

Unless  the  riolit  orecautions  are  taken  ,*  hc.wevar ,  these  substances  can 
leak  'from  the“land  into  water  and  air,  or  they  c.’.n  stay  on  the  .and  os 
unsuspected  sources  of  potential  danger.  Some  25  States  have  some 
reoulatory  provision  for  controllinu  hazardc’us  waste  disposal  out  few 
are  comprehensive  or  fully  implemented.  The  U.S.  Environmental  » 
Protection  Agency  (CPA)  has  proposed  that  the  Congress  enact  hazardous 
waste  management  legislation  v.'hich  v,»ould  cstaolish  a  nationwioe  Fe.ier-ji 
and  State  regulatory  program. 

What  really  should  be  done  with  hazardous  wastes^? 

To  safeguard  public  health  and  the  envi  ren  •.••:-nt ,  and  also  conser-v3 
resources,  maximum  use  should  be  made  of  existing  technology  to 


*  Reduce  the  amount  of  hazardous  waste  generated  in  the  first 
place. 

*  Concentrate  wastes  (through  evaporation,  precipitation,  other 
techniques)  at  the  source  to  reduce  handling  and  transport  problems. 

*  Stimulate  "waste  exchange"--one  factory's  hazardous  wastes  can 
become  another's  feedstock;  for  instance,  acid  and  solvent  wastes  from 
some  industries  can  be  utilized  by  others. 

« 

■*  Recapture  and  recycle  metals,  the  energy  content,  and  other 
useful  resources  contained  in  the  wastes. 
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IP. -ULiiiejso]ie_Jj;f  oj^  available  on 

'  Study  the  problem  of  ha7ardous^wa^•ec”•  ^°^y^essional  inonjo 

-•■commendations  for  action"  ?nA^K  L-n,  submit  a  lenort  and 

;yes  a  brief,  basic  d^crip  ti  orSrtho-^rn?]  2"  ’ 

-■iJt  It.  These  publications  ■»nd  otho»«  ^  ’what  can  be  done 

’.'m  the  Office  of  Solid  '•'a«;'-^»3'**'*  i~  t  >  orma  ti  on  can  be  obtained 

■■■-nu,  Protection”!’ = 
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DEPARTMENT  OF  THE  ARMY 
HEADOUAfiTERS.  EDGEWOOO  ARSENAL 
ABERDEEN  PROVING  GROUND.  MARrLAND  21010 


S^J’vE.^-KT-S 


I>r.  •Uiil.i.ani  Hedley 
Monsanto  Research  Corporation 
Xsi^on,  Vk  li5l;07 


T/aar  Dr.  Hedlu^: 

Unclosed  is  a  dr^c  or  a  statement  on  non-toxicity  of  the  demilled  C-B  salt 
residue,  ive  vould\ike  you  to  review  this,  compare  it  to  the  one  you  gave 
us  during  youi'  visit  tSn  Edgevood  Arsenal  on  JmI  jk,  and  comment  cn  its 

use  in  yovr  efforts  to  4^/e  Monsanto  use.  the  salts  in  the  phosphorous 
manuf a ct\ir ing  process . 

\ 

Sincerely  yours, 


1  Incl 
as  stated 


ROBERT  I.  EPSTEIN 
Contract  Project  Officer 
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Statement  of  Non-Toxicity 


Representative  ■samples  of  salt  residues  produced  by  the  detoxification  of  the 
agent  Gi;  '^•Till  ■undergo  laboratory  testing  to  deraonstre-te  that  the  salts  have  no 
toxicity  attributable  to  the  presence  of  chemical  agent  GB.  Sodium  fluoride,  a 
common  chemical  of  commerce,  is  the  most  toxic  material  in  the  residue  salts. 
Therefore,  the  GB  residues  should  be  treated  as  if  they  were  entirely  composed  of 
sodium  fluoride.  Tliey  should  be  handled  by  the  procedures  that  have  been  established 
and  the  precautions’ that  are  recommended  for  handling  sodium  fl-uoride. 

The  agent  is  treated  (detoxified)  with  strong  a]kali  solution.  The  alkali 


Folutiors  are  spray  dried  at  approximately  2003^?  to  obtain  the  drj'  salts  ^vh:ch 
are  stored  in  55  gallon  drums. 


As  an  example  ,  if  10  ng/ml  of  GB  were  present  in  the  salt  brine,  it  ■v;ou3.d  bo 
necessary*  to  maintain  intiiriSte  skin  contact  with  a  minimum  of  1;1;,900  gallons  of  a 
28.9^  solution  of  the  salts  to  absorb  the  (Lethsl  Bose,  fatality).  This 

lo*n*  toxicity  would  be  reduced  even  further  by  the  spray  drying  operation.  V?ater  and 
_  GB  have  similar  volatility,  and  they  are  completely  miscible.  Residual  traces  of 


agent,  that  may  have  been  present;  prior  to  the  spray  drying  operation  i»’o^uld  be  removed 
during  the  evaporation  of  the  crater  heenure  it  would  volatilii.e  vi-Lh  th=  wexer  anu/or 
it  would  be  entrained  by  (carried  along  with)  the  water. 


The  extremely  low  agent  toxicity  of  these  salts  can  be  demonstrated  further. 
Assume  that  none  of  the  residual  agent  (assuming  a  solution  concentration  of  lOng/nl) 
is  removed  during  the  evaporation  of  the  water.  Absorption  of  the  agent  LD  from 

50 

the  sa3ts  would  require  intimate  skin  contact  with  each  particle  of  each  piece  in 
275  arums  of  salt  (solids  capacity  of  50  gallons).  The  toxicity’ ratio  (ratio  .of  the 
sodium  fluoride  to  GB  in  these  salts  would  be  1;,  000,  0'30  :  1.  Tricre  would 

50  s 
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"be  Ih.OOO  LD  of  sodivim  fluoride  per  drua  of  salt  and  only  O.OO36  LD^-,  of  GB. 

50’s  _  s  . 

Personnel  at  Rocky  Mountain  Arsenal  end  Monsanto  Research  Corporation  have 
handled  considerable  quantities  of  the  residue  salts  (both  fine  and  large  pieces) 
vithout  an  exposure  or  incident  of  any  kind.  .A  dust  mask  should  be  used  in  the 
absence  of  a  hood  or  good  vacuum  removal  system  because  sodium  fluoride  dust  is 
toxic  by  inhalation  (threshold  limit  value;  TLV;  O.Pmg/m^). 


APPENDIX  C 

Encapsulation  Techniques 


1)  Portland  Cement  Association,  Report  on  the  feasibility 
of  using  cement  or  clinker  with  and  without  kiln  dust 
added  to  encapsulate  GB  residue  salts,  Contract 

No.  CR-7051. 

2)  Chemfix,  Inc.,  **Use  of  GB  salts  in  the  Chemfix 
Waste  Solidification  Process"  -  April  7,  1975. 
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0  )  PORTLAND  CEMENT  ASSOCIATION 

Old  Orchard  Road,  Skokie,  Mlitrcis  CC076  /  Area  Code  312  /  %6-6200 


Research  and  Development  -  - 

Construction  Technology  Laboratories 


August  19,  1975 


yuo. 


Mr.  Robert  Epstein 
Edgewood  Arsenal 
S.A.R.E.A.  M-T-E 

Aberdeen  Proving  Ground,  Md.  21010 


Dear  Mr.  Epstein: 

The  work  performed  by  PGA  (Contract  No.  CR-7051)  on Jdie 
feasibility  of  using  cement  or  clinker  with  and  without  kiln 
dust  added  to  encapsulate  G.B.  residue  salts  nas  been  completed. 

The  a-; mg  of  this  project  consisted  of  the  following  studies: 

(1)  '  Ascertain  the  level  of  G.B.  residue  that  co^d  be  added 

to  cement  without  drastically  altering  the  hydration 

chcuracteristics  of  the  cement. 

% 

(2)  Provide  a  mix  design  (cement,  clinker,  a  combination  of 
cement  plus  kiln  dust;  or  clinker  plus  kiln  dust)  ttet 
would  have  volume  stability  (no  excessive  es^ansion) 
when  G.  B.  residues  were  added. 

(3) '  Determine  the  optimum  water-to- cement  ratio  that  would 

produce  a  paste  in  which  the  least  amoun^  of  F  ,  P2O5 
.  and  SO3  could  be  leached  out.  -  V 

•(4)  Produce  a  mix  design  (including  type  of  cement,  water- 

to-cement  ratio  and  highest  level  of  G.B.  salt  addition) 
that  had  optimum  strength-  de-velopment  at  1-28  days. 

It  appears  from  our  present  results  that  it  is  poss^le  to 
encapsulate  the'G.B.  residue  salts  using  a  Type  I  blinker 
(C3A  content  10-12%)  with  additions  of  either  G.B.  -1  or 
G.B.  -2  residues  added  (level  23-30%)  without  drastically 
altering  the  hydration  characteristics  of  the  clinker. 

Since  salts  in  the  G.B.  residue  (due  to  the  high  pH  (i.e.  14) 
of  the  solution  of  G.B.  salt  in  water)  retard 
tion,  the  residue  had  to  be  acidified  to  a  pH  of  10.2  before 
addition  to  the  clinker.  An  amount  of  98%  sulfuric  acid  was 


'-A.Cc' 
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Mr.  Robeirt  Epstein  -  2  -  8/14/75 


added  such  that  the  SO3  level  of  the  system  was  brought  to 
4.11%.  In  some  cases,  this  amount  of  K2SO4  did  not  decrease 
the  pH  to  as  great  an  extent  as  in  other  cases,  but  it  was 
judged  that  higher  E25O4  addition  levels  would  be  likely,  to 
cause  volume  instability  in  the  hardened  cubes. 

For  the  same  reason,  if  cement  is  used  instead  of  clinker 
the  SO3  content  of  the  mix  is  excessive  and  expansion  of  the 
paste  cubes  is  large  enough  to  cause  their  complete  destruction. 
This  expansive  reaction  is  caused  by  the  interaction  of  the 
sulfate  in  the  system  with  the  tricalcium  aluminate  in  the 
cement. 

The  complete  report  on  this  work  including  Tables  1-VI  is 
attached. 

If  there  are  any  questions  concerning  this  report,  please 
contact  us.  . 

Sincerely, 

JlJ.. 

Senior  Research  Chemist 

Basic  Research  Department  . 

C.  H.  Weise/js 

end.  .  . 

•  Copy  to  -  W.  E.  Kunze 
E.  Bognestad 
H.  R.  Greening 

CR-7051/4330 
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CR-7051  r  CONTRACT  EDGSWOOD  ARSENAL, '  ABERDEEN  PROVING  GROUNDS,  MD. 


Objective  *  ■  ‘ 

The  aim  of  the  work  performed  by  PCA  in  1975  was’ to  study 
the  feasibility  of  using  cement  or  clinker  with  and  without  kiln 
dust  added,  to  encapsulate  G.B.  residue  salts.  The  purpose* of 
this  encapsulation  is  to  render  the  G.B..  salts  harmless  to  the 
envir.onment  (water  pollution).  The  G.B.  residue  salts  studied! 
are'  nominally  composed  of  15%  sodiiun  fluoride,  25%  sodium  carbonate, 
and  60%  sodium  isopropyl  methylphosphonate .  (Monsanto  analysis 
of  G.B.  -1)  The  three  forms  of  the  salts  studied  are: 

(1)  G.B.  -1  a  very  fine  powder  F~  level  5.50% 

(2)  G.B.  -2  large  lumps,  f““  level  0.53% 

(3)  G.B.  >3  brine  solution  (2S%  solids)  F*~  level  3.83%  (solids 

■  ba£is) 

(F  contents  determined  in  PCA  laboratories) 

Experimental 

Descriptions  of  the  cements,  clinker,  and  kiln  dusts  used 
in  this  work  follow: 

The  four  siajor  phases  in  Portland  cement  are: 

CjS  tricalcium  silicate* 

CjS  dicalcium  silicate  ,  ■  • 

C^A  tricalcium  aluminate 
C^AF  tetracalcium  aluminoferrite 

An  additional  phase  appears  in  regulated-set  cement; 
this  is  Ci2A7’CaF2. 

(1)  Type  I  -  #1  Cement ' 

Potential  compound  composition;  53%  CjS,  20%  CjS, 

9.3%  C3A  and  7.1%  C4AF. 

(2)  Type  I  -  #2  Clinker 

55-60%  C3S,  16-18%  C2S,  10—12%  C3A,  7-9%  C4AF  (Estimate 
based  on  X-ray  diffraction  pattern  of  clinker.) 

‘Cement  Chemists'  shorthand  notations: 

C  =  calcium  oxide  (CaO) 

S  «  silicon  dioxide  (Si02) 

A  =  aluminum  oxide  {AI2O3) 

F  =  ferric  oxide  ,(Fe203)  '  _ 
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(3)  Regulated-Set  Cement 

potential  compound  composition: 

49%  C3S,  12%  C2S,  19%  CiiA7*CaF2,  2.6%  C4AF 

(4)  Type  S  Cement  (shrinkage-compensating  cement) 

potential  compound  composition:  53%  C3S,  9.3%  C2S, 

19%  C3A, ^5.8%  C4AF 

(5)  Kiln  Dust  #1 

(10.93%  free  or  unreacted  CaO) 

medium  amounts  of  Si02»  CaC03  and’ K2SO4  (Based  on  X-ray 
diffraction  pattern) 

(6)  ^Kiln  Dust  2 

(5.72%  free  or  tinreacted  CaO) 

large  amount  of  CaC03,  medium  amounts  of  Si02  and  K2SO4 
(based  on  X-ray  diffraction  pattern) 

(7)  Calcium  alumina te  cement  (refractory  cement) 

Large  amount  of  CA,  medium  amount  CA2,  CoAS  and 

small  amount  of  Ci2^7 (Based  on  X-ray  diffraction  pattern) 

The'oxide  analysis  of  samples  #1,  3,  4,  5,  and  6  appear  in 
Table  1. 

The  cements  and  clinkers  chosen  for  the  experimental 
work  had  varying  aluminate  contents  in  order  to  ascertain  what 
effect  the  alumina tes  (C3A,  or  CiiA7'CaF2)  had  on  the  cement 
hydration  v/hen  G.B.  residue  salts  were  added..  Prom  the  exploratory 
work  discussed  in  o\ir  progress  report'  of  April  16 #  1975,  it  was 
observed  that  the  G.B.  residue  salts  have  a  stronger  retarding 
effect  on  the  silicate  phases  (tricalcium  silicate  and  dicalcium 
silicate  phases  in  cement)  than  on  the  aluminate  phases.  This 
is  demonstrated  by  the  strength  development  data  in  Table  II. 

The  two  kiln  dusts  used  (#1  and  #2  in  Table  1)  had 
different  free  lime  contents.  Kiln  dust  was  added  in  order  to 
supply  lime  for  reaction  with  the  sodium  fluoride  present  in  the 
G;B.  residue  salts..  The  reaction  of  lime  with  NaF  produces 
calcium  fluoride,  which  is  much  less  soluble  in  water. 

Preparation  of  1*  Paste  Cubes 

In  order  to  study  strength  development  from  1-28'  days, 
also  to  determine  the  amount  of  leaching  of  F~,  P2O5  and  SO3 
by  water  during  a  seven  day  or  twenty-eight  day  period,  1"  paste 
cubes  were  made  at  five  water/solids  ratios. 
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'The  cube  series  appearing  in  Table-  II  were  mixed  with  a 
hand  mixer  for  1  minute,  allowed  to  stand  1  minute  and  remixed 
an  additional  two  minutes.  -This .mixing  cycle  will  eliminate 
false  set  if  it  occurs.  After  mixing,  the  paste  was  placed 
in  three  gang  1"  cube  molds  and  vibrated  on  a  small  vibrating 
table  to  .release  any  entrapped  air.  The  paste  samples  in  the 
three  gang  molds  were  placed  in  a  moist- room  for  curing.  The 
•1"  cubes  were  removed  from  the  molds  after  1  day  hydration. 

One  ciibe  was  placed  in  a  sealed  plastic  bottle  with  65  ml 
H2O  (to  completely  surround  the  cube)  for  leaching  experiments. 
The  remaining  cubes  were  placed  again  in  the  moist  room  for 
further  hydration  to  3,  7  and  28  days;  2  months,  and  later  ages. 
Compressive  strengths  were  determined  on  these  moist-cured  cubes 
at  designated  times  (Table  II). 

Preparation  of  1"  x  11**  Paste  Bars 

For  the  volume  stability  data,  1"  x  11"  paste  bars  were 
made  using  G.B.  -1  salt  (23%  by  weight)  and  G.B.  -2  salt  (23% 

.by  weight)  plus  )ciln  dust  (25%  by  weight,  S25) .  A  water/cement 
ratio  of  0.4  was  used.  Paste  bars  were  stored  in  water  and 
length  measurements  were  made  with  a  comparator  a.t  7  days,-  28 
days  and  two  months.  Weight  losses  of  t.he  cubes  were  also 
determined  at  7  days,  28  days  and  two  months.  -These  weight 
losses  are  probably  due  to  a  leaching  of  F  ,  P2O5  ^^3 
the  specimens  during  storage  in  water.  The  results  are  given  in 

Table  III. 

Results.  .  . 

X-ray  Diffraction  of  Hvdrated  Pastes 

X-ray  diffraction  patterns  were  run  on  60-day  hydrated 

cxibes  from  cube  series  #2  and  “5  (Table  I). 

Hydration  products  in  f2  were- ettringite  (C3A*3CaS04* 
3H2O) ,  calcium  hydroxide  (Ca(OH)2f  calcium  hemi-carboaluminate 
(hydrated  C3A*l/2CaC03-l/2Ca  (OH)  2  and  a  small  amount  of  calcium 
silicate  hydrate  (CSH) .  Also,  a  large  amount  of  CaCOs  was  • 
present  together  -with  a  small  amount  of  calcium  fluoride.  Cube 
series  {5  showed  the  same  hydration  products  as  cube  series  #2 
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sz'.'cpt  that  less  tricalcium  silicate  and  dicalcium  silicate  had 
rated.  .  ■_  . 

The  G.B.  salts  appear  to  retard  the  silicate  hydration, 
'^hl.ie  the  tricalcium  aluminate  (C3A)  hydration  is  less  affected. 

A  more  detailed  groi:.p  of  X-ray  diffraction  patterns  were 
on  7  day  and  28  day  hydrated  cubes  from  the  various  series, 
appear  in  Table  IV, 

The  hydrated,  phases  are  similar' to  those  reported  on  the 
SO  day  hydrated  pastes.  The  major  hydrated  products  present  are: 
(!)'•  calcium  hydroxide 

(2)  Ettringite 

(3)  Calcium  hemi-carboalximinate 

(4)  small  amount  of  calciiun  silicate  hydrate. 

In  camples  #6,  17  (28  days),  #9  (7  and  28  days)  and  #10  (7  days), 
another  hydration  product  probably  a -sodium  calcium  silicate 
hydrate,  was  present.  (See  footnote  to  Table  IV.) 

Lines  for  unhydrated  tricalcium  silicate  and  dicalcium 
silicate  appeared  in  the  X-ray  diffraction  patterns.  Traces  and 
sm.iii  amounts  of  tricalcivim  aluminates  were  indicated.  In  some 
cartes,  lines  for  calcium  carbonates  and  sodium  carbonate  .were 
ohrjcrved,  •  .  - 

Ch«!niical  Analysis  '  . 

F~  contents  on  cube  series  #1,  #2  and  #5  appear  in  Table 
V,.  1*205'  ®nd  SO3  (ppm)  were  determined  on  leachings  from 

following  samples:  6,  7,  8,  17,  18,  19,  20,  21,  22,  23,  2p, 
27,  28  and  29  (Table  VI).  Na20,  KjO,  SO3,  total  CaO,  and  free 
Cao  contents  were  determined  for  the  two  Iciln  dusts  used  in  the 
sstl'crimental  work.  (Table  I) . 

fT  contents  were  run  on  all  three  G.B.  residues  used 
(Thble  I).  '  _ 

p^Og  contents  were  run  on  cubes-  #21  and  #22  previously 
leached  for  28  days  (Table  I) . 
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General  Conments  on  the  Study 


(1)  The  results  suggest'  that  a  Type  1  clinker  can  be  used  in 

conjunction  with  G.  B.  Residues  #1  and  #2,  provided  the  pH  of 

the  G.  B.  residue  in  water  is  reduced  from  14  to  approximately 

10.2  -  11.0  (118,  <21,  Table  II}.  When  sulfuric  acid  is  used 

for  neutralization,  it  brought  edsout  a  far  more  satisfactory 

strength  development  than  was  achieved  using  hydrochloric  acid 

({15,  Table  II).  A  possible  difficulty  v/ith  the  use  of  sulfuric 

acid  lies  in  the  greater  expansive  potential  of  the  high  sulfate 

systems.  Therefore,  the  use  of  clinker,  vrhich  is -relatively 

sulfate  free,  rather  than  cement,  which  contains .  sulfate  in  the 

form  of  gypsum,  reduces  this  expansive  potential.  The  expansive 

force  occurring  in  cement  paste  or  concrete  is  due  to  the  inter- 

*  • 

action  of  sulfate  ions  with  the  aluminate  fraction  of  the  cement 
(tricalciiau  aluminate  (3Ca0.Al203) .  The  hydration  product  from 
this  reaction  is  Bttringite  (calcium  sulfoaluminate) . 

(2)  The  G.  B.  -2  residue  has  one  advantage  in  that  it  has  a. 
lower  r“-  content.  In  the  present  work,  it  was  necessary  to 
reduce  the  large  lumps  to  material  passing  a  30  mesh  screen  to 
facilitate  incorporation  into  1*  paste  cubes.  In  concrete,  where 
more  mass  is  involved,  it  may  be  possible  to  eliminate  this 
particle  reduction  step.  We  do  not  recommend  the  G.  B.  -3  residue 
form  (brine)  as  the  solids  level  is  too  low  (28%)  and  additional 
dried  G.  B.  -1,  G.  B.  -2  cr  G.  B.  -3  residue  had  to  be  added  before 
neutralization  with  H2SO4  to  bring  the  G.  B.  solids  level  in 

the  paste  .to  23%.  • 

The  neutralization  reaction  using  G.  B.  -3  generated  considerably 
more  heat  and  required  much  more  precaution  in  handling.  (Table 


II  exaffiple  #23) . 

(3)  Addition  of  kiln  dust  intended  to  provide  CaO  to  react  with 
the  sodium  fluoride  present  and  produce  a  less  soluble  form  of  F". 
(CaF2)was  not  advantageous  to  either  strength  development  or 
volrune  stability.  As  shown  in  Table  III/  the  expansion  of  the 

1"  X  11"  paste  bars  with  kiln  dust  (#25)  was  almost  double  that 
of  the  bar  containing  no  dust  (#24), 

(4)  The  leaching  experiments  (Tables  V  and  VI)  demonstrate  that 
a  considerable  amount  of  phosphonate  is  leached  from  the  cubes, 

(50%  during  a  28  day  period) .  Of  importance  is  the  fact  that 

0 

-leaching  experiments  were  begun  tinder  very  severe'  conditions. 

The  one  inch  cubes  were  placed  in  water  after  1  day  hydration. 

The  amount  of  cement  hydration  during  that  time  was  not  sufficient 
to  produce  an  impermeable  structure.  The  more  impermeable 
structure  resulting  from  further  hydration  would  be  expected  to 

reduce  the  levels  of  phosphonate,  P”  and  SO3  in  the  leach  water. 

*  • 

This  indicates  that  a  longer  curing  period  for  the  1"  paste  . 
cubes  (28  days)  before  being  placed  in  water  would  reduce 
significantly  the  amounts  of  material  leached  from  the  paste 
cubes.  The  results  from  the  cube  series  placed  in  water  14 
additional  days  (#26, #27, #28, #29  Table  VI)  confirm  this. 

• 

(5)  The  flocculating  agent*  used  in  sample  #26  resulted  in  a 
reduction  in  amount  of  phosphonate  leached  at  7  days,  relative 
to  the  'corresponding  sample  without  flocculating  agent  (No .  22 ) . 
Relatively  insignificant  increases  in  F”  and  SO3  occurred,  but 
the  compressive  strength  was  appreciably  reduced.  In  the  work 
completed,  only  two  flocculating  agents  were  used.  There  may 
be  others  whose  effects  would  be  more  advantageous. 

*A  flocculating  agent  settles  suspensions,  and  it  was 'hoped  that 
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its  use  Would  reduce  the  leachability  of  the  phosphonate, 
fluoride  and  sulfate.  -  -  • 

(&)  Calcium  hydroxide  addition  to  the  G.  B.  salts  either  before 
during  mixing  with  cement  did  not  reduce  retardation  in  set 
and  strength  development, .  This  negative  result  is  puzzling, 
that  the  sodium  fluoride  and  sodium  carbonate  should  have  been 
.converted  to  the  less  soluble  calcium  salts,  and  consequently 
be  removed  from  solution.  It  may  be  that  these  precipitates 
coated  the  hydrating  cement  grains  and  reduced  water  access  to 
them. 

•  Recommendations:  Sulfate-Resistant  Clinkers 
(1)  It  may  be  worthwhile  to  work  v;ith  a  Type  II  or  Type  V 
clinker  (sxilfate-resistant  clinker)  with  G,  B.‘ residue  salts 
neutralized  to  a  pH  of  11.5  to  12.  This  recommendation  is 
based  on  the  observation  that  a  Type  I  clinker  may  be  used  with 
added  G.  B.  residue  salts  if  the  pH  of  the  salt  in  water  is 
reduced  from  14  to  a  lower  level.  Furthermore,  in  the  work 
completed,  the  pH  level  was  reduced,  but  at  the  same  time  the 
SO3  level  was  maintained  at  4,11%.  However,  the  amount  of  SO3 

in  the  system  may  still  be  tco  high,  resulting  in  higher  than 

•  » 

normal  expansions  (Sample  #24  Table  V).  Normal  expansions 
generally  run  between  i07  and  .09%  in  paste  bars.  This  level  of 
expansion  will  not  cause  destruction  of  the  bars.  As  the  expansion 

.  in  the  Type  I  cement  -  G.  B.  salt  bars  is  still  increasing 
(2  month  values.  Table  V) ,  there  may  be  some  destructive  action  at 
a  later  date. 


(2)  Use  of  G.  B.  Brine 

Further  experinentation  with  G.  B.  -3  (brine  solution)  may  be  of 
value.  This  material  may* possibly  be  used  if  some  of  the  water 
is  evaporated  and  then  caused  to  react  with  gypsum  instead  of 
sulfuric  acid.  This  process  would  ta)ce  a  longer  period  of  time 
than  neutralization  with  sulfuric  acid. 

(3)  Increased  Curing.  • 

In  order  to  evaluate  the  effects  of  decreased  paste  permeability 
due  to  hydration  it  may  be  of  value  to  start  the  leaching  experimen¬ 
tation  after  28  days  of  curing.  Investigation  of  the  use  o.f 
water-reducing  admixtures  to  achieve  decreased  permeability  would 
also  be  of  value. 

(4)  Flocculating  Agents  &  Admixtures 

Owing  to  the  alkalinity  and  high  alkali  content  of  G.  ’B.  salts, 
it  nay  be  of  interest  to  examine  reactive  siliceous  admixture,  or 
other  flocculating  agents  which  can  tolerate  very  high  pH  levels. 

(5) *  There  appears  to  be -another  expansive’ reaction  besides  that 
attributable  to  ettringite  formation  (Example  Nos.  6,  7,  9  S  10  Table 
XV) .  The  identity  of  the  new  phase  similar  to  sodium  calcium 
silicate  hydrate  should  be  established. 
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Table  I 

Partial  Chemical*  Analysis  of  Clinker9>  Kiln  Dusts,  G.B.  Residue  Salts  and  Leached  Cubes 
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Fluoride;  determined  by  Orion  Specific  Ion  Elec  .rode. 

Phosphorus;  determined  by  a  calorimetric  proceoure. 

determined  gravimetrlcally.  Other  elements;  determined  by  Atomic  Absorption. 
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Table  II  (continued) 

Compressive  Strengths  (psl)  of  1"  Paste  Cubes  with  G.B.  Salts  Added 


cU 


V 

u 

JJ 

(0 

o 

> 

•H 

m 

to 

ei 

i- 

0 

u 


o 

o 


o 
o . 


X 

a 

I'O 


\  n 
w  *0 

Q)  •W 
Jj  iH 

'  10  O 
Z  OT 


<0  — . 
(0  c 


n  • 

•  4J 

o  Z 


AJ  ^1 
C  O' 
fl) 

<U  JJ 

O  Si 


o 

o 

» 


in 

lO 

C» 


Ot 

CM 


•O 

V 
•0 

V 
la 

4J  ■ 

a 

a . 

*0 


E 

O 

h 

<0  o 

V  tn 
n. 
0)  Si 

z 

o  M-) 
o 

O  C 
fN  O 


•H  *0 

•a 

fh  ai 
I  I 
•  X 

:  a  j3 


•H  Oi 
t 

O  •  O' 
m  ca 
•  in 

O  CM 


lu 

0  O 

X  ' 
Q." 


o 

O' 


o 

-O 

PM 


in 

..  . 

■  “  - 

“-"■'If.-.- 

.  *0  E 
o  o 

•D  Wi 
I  *0  44 
a 

•o 

O  0) 
J3  W 
0) 
o  s 
■P  o 


e> 

o 

o 


o 

a 

%c 


•a 

a  X 
jz  a, 

m  c 

S  V 
"0  JS  -~l 
•H  AI  5a 

n  o 
8)  fn  tn 
ti  I  ^ 

pn  to  ■" 

I  •  44 

.  C  O 

03 

•  44  e 

o  o  o 

•a  c  441 
<u  O  ~4 

•H  -.4  *01 
Vi  44  *0 

•asm 


•  -4  o  X 

•  •  O  ID  J5 

c 

•  O  CJ  pn 
n  c  ^ 

I  44.H 

in  •  f4  Vi  o 
5r  03  *0  43  44 
•  *0 

U  <  O  4P 


o 

in 


IN 

• 

1 

m 

4k 

1  • 

«k 

44 

'  I  • 

1 

•  C. 

H* 

1 

W 

.« 

E 

0 

1 

0) 

04 

Qo 

1 

a 

u 

>1 

1 

X 

H 

1 

1 

t4 

m 

» 

0) 

1 

04  fW 

1 

« 

X4  VI 

IN 

1 

« 

9  01 

1 

r» 

O  W 

C't 

1 

1 

IN 

X 

1 

1 

1 

X 

f 

1 

1 

• 

44  . 

1 

44 

1 

•H 

•H 

1 

. 

1 

1-4 

1 

■*4 

•H 

1 

J3 

1 

Si. 

1 

« 

1 

« 

1 

44 

1 

44 

1 

in 

.  n 

1 

n 

1 

o* 

1 

1 

00 

04 

1 

o 

I 

E 

1 

E 

1 

9 

1 

9 

1 

a4 

t 

1 

o 

1 

O 

1 

> 

1 

> 

1 

1 

t 

o 

Vi 

1 

u 

1 

O  ^ 

1 

O  — 

1 

#n 

««  > 

1 

H  > 

1 

rH 

H 

1 

w 

1 

04 

1 

«> 

1 

•D  04 

TJ  04 

1 

03  1-4 

1 

03  f-l 

— M 

E  .9 

E  JQ 

•OI 

<0 

.  le 

0)1 

1 

5» 

«  t* 

1 

« t* 

■OI 

a 

Vl 

1 

Vl 

•Dl 

m 

a  1  . 

<Q  -1 

ai 

PI 

JQ 

1 

JQ 

1 

E  a 

n 

1 

CD 

44| 

O'  1 

0)  44 

1 

04  44 

ni 

, 

U  M 

44  10 

1 

44  m 

91 

<-.14  n 

n  04 

1 

to  04 

•dl 

44  OI 

03  44 

1 

a  44 

1 

in 

C  <0  1 

a 

1 

a  s 

Cl 

OI 

04  04  H 

1 

O  <-41 

cn  Vl  O 

r 

C  1 

S  •H 

•HI 

iH 

O  04  1 

O  1 

<-l  44  J«| 

• 

Z  >H 

iH 

•H  1 

■H  fW 

1 

01  0  B 

44  1 

•o 

Dl 

C  iH  1 

X 

-4  1 

X  •a 

1 

■H  m 

O  *0  1 

O  a 

'Tl 

in 

44  o  4 

S  CM>D  1 

S  PM 

•1 

a  PMPM 

^  s 

O  1 

•-4  X  Xini 

Oi 

•H  X  1 

* 

1 

—  i3  ioi 

9  H 

C 

X  I 

C 

'-1 

O  C  Q 

•H  43  -4 

•H  W 

0  •H  1 

• 

531 

• 

0  a 

04  p-4  0| 

04  O  OI 

■H  04  0 

9  -t  WI 

•  9  i-l  WI 

H  9  -H 

•O 

M 

•o 

PM 

*-"0  44 

iH  •-! 

0  XI 

*H  .-4  0 

XI 

•H  -H 

P'3  in 

44  1 

m  en  44 

1 

n 

•a  M  *0 

•  0) 

•>1 

•  04 

PPI 

• 

04  04  TS 

O  M  ^  001 

O  l4  ^  001 

o 

*0  Vl  a 

r4  Oil 

•-4  cnt 

•D  1 

1 

IS 

1. 

a  -4  X 

1 

E  141 

1  E  ui 

1  J3 

• 

O  01 

•  O 

01 

C  •  1 

m 

Vl  1 

m  Vl 

1 

■3  n  PM 

9 

14  |H| 

•  14  iHI 

Vl  •  1 

El 

o 

El 

ic  C9  a 

fH 

"D  1 

*0 

1 

a  iH 

1 

04  ini 

^  14  04  ini 

‘  1 

O  14  1 

•  •  0 

Vl  •! 

•  o  Vl 

•1 

o  • 

WOO 

fV  CQ 

0)  PMI 

04  PMI 

m  o 

44 

a\  .  s 

Z  1 

X  K  2 

1 

• 

•»  X  1 

U  CL  0 

a  o  HI 

c  fh  a53t 

<H  OI 

1 

OI 

1 

• 

ww^ 

1 

1 

1 

1 

I 

I 

1 

• 

1 

00 

1 

O 

1 

■ 

1 

m 

o  ' 

o 

1 

OI 

1 

fH 

1 

m 

j 

1 

1 

1 

1 

IN 

1 

1 

1 

OI 

1 

1 

1 

PM 

1 

t 

kk 

1 

kk 

1 

■M 

1 

1 

1 

1 

1  . 

1 

M 

1 

M* 

1 

H 

1. 

0 

I 

0 

1 

1 

0) 

1 

t 

a 

1 

CL 

t 

a 

1 

1 

>t 

1 

X 

1 

H 

1 

H 

1 

H 

1 

I 

I 

I 


0) 

01 

a 

a 

44 

X 

« 

S 


§ 


•o 

0) 

9 

C 


44 

C 

o 

u 


•-  13 


C-16 


• 

51 

1 

1 

I 

1 

! 

I 

1 

t 

• 

1 

1 

\ 

1 

t 

1 

1 

1 . 

• 

t 

I 

1 

W 

1 

1 

1  • 

> 

1 

1 

1 

(0 

o 

1 

in 

1 

o 

1 

•o 

tn 

.1 

I 

f*^ 

1 

in 

I' 

<s 

1 

in 

1 

CO 

1 

t 

1 

ux 

<N 

1 

1 

1 

a 

•  1 
f 

1 

1 

1 

1 

• 

% 

1 

1 

1 

x: 

tn 

1 

1 

1 

i 

1 

1 

or 

A3 

o 

1 

o 

1 

O 

•  1 

*0 

c: 

*0 

r> 

1 

f-* 

1 

O) 

-H 

o 

o\ 

1 

m 

1 

cs 

Ol 

u 

1 

1 

1-4 

Ml 

m 

JJ 

1 

1 

1 

-4 

»l 

4J 

cn 

tf) 

I 

1 

1 

•01 

a 

(0 

• 

'<Q 

• 

C3 

tt) 

> 

m 

•  0) 
u 

Ol 

c 

•o 

t 

1 

1 

1 

1 

1 

1 

.-4 

1  • 

r-1 

CMI 

■o' 

Cl 

SI 

1 

1 

Cl 

SI 

1 

t^t 

Ml 

1 

H 

ts 

U) 

A3 

.—  Ol 

Ol 

Ol 

•O 

0) 

s 

«c 

4J 

c 

0 

a 

in 

44  ru 

C  «»t 
«}  1 

m 

o 

r4i 

acl 

1 

in 

Ml 

■Ml 

1 

c 

? 

>■ 

O'  Ct 

ax 

Cl 

fn 

Cl 

•ol 

c 

(A 

a  -41 

1 

o>  ai 

-41 

1 

ni 

•HI 

1 

mi 

0 

o 

3 
.  O 

> 

10 

C  01 
—4  1 

4J  *01 

SI 

1 

•Ol 

SI 

1 

•Ol 

• 

0) 

in 

«  0)1 

o 

ox 

o 

SI 

44 

•D 

m 

■H  )4| 

00 

Ml 

o 

Ml 

C 

M 

4J 

m 

0  0)1 

ox 

m 

SI 

s 

H 

tn 

U  31 

31 

31 

e 

01 

(0 

U  Ol 

Ol 

01 

s 

cu 

0  •-tl 

•HI 

h41 

0 

1 

1 

* 

1 

X) 

U4  OX 

ox 

•O  SI 

44 

(3 

VI 

Ol 

91 

S.9I 

0 

u  *o 

•Ol 

■Ol 

ox 

•O  •Ol 

•O  — tl 

•HI 

CM 

•O  -HI 

•o 

O 

4J  1— t 

• 

0)  ni 

• 

ni 

• 

s  mi 

S 

(0  O 

o 

•0  ox 

o 

VI 

o 

St 

.  S 

^  03 

*0  Ml 

Ml 

44  Ml 

■  44 

to  1 

1 

m  1 

m 

m 

•-4I 

■HI 

9  Ml 

•  c 

a 

• 

O  II 

1 1 

•O  1  1 

•H 

0  x 

— .  •! 

•1 

•H  ni 

•H  ni 

C  SI 

■o 

m 

lu  •! 

0)  .1 

iH  .|  . 

.  s 

JC 

0  — 

->  3  Ol 

>  C3I 

•H  Ol 

m 

4J 

(n.o 

•-4  0)  1 

tn  ^ 

0)  1 

C4  je  1 

9 

.  o 

1  M  <MI 

CO  1 

■H  <HI 

1 

<141 

c 

« 

o 

•  D  Ol 

•  • 

01 

o  • 

O'  Ol 

M 

0) 

.  c 

a  < 

<n 

n  1 

<N  ffl  «»  1 

n  n 

1 

S 

V( 

•  •AJ 

•  i»  SI 

^  ♦ 

O  SI 

• 

in  SI 

40 

OJ 

U  3 

O  -<  Ol 

o  cu 

U  (N  Dl 

• 

c 

U1 

•« 

wwwt 

44 

•H 

I 

1 

M 

—4 

1 

1 

1 

s 

u 

> 

u  .- 

«• 

1 

• 

1 

1 

a 

c  e 

^  o 

I 

o 

1 

o 

1 

s 

Ol 

V 

<u  •*■ 

-  o 

1 

o 

1 

o 

M 

0 

) 

E 

•  r-l 

1 

1 

fH 

1 

—4 

«s 

0 

) 

V 

i 

• 

1 

1 

•H 

1 

V 

J 

u  : 

5 

1 

1 

1 

■  S 

r 

1 

4 

1 

1 

44 

•H 

E 

1 

I 

1 

mu 

• 

c 

I 

1 

1 

1 

•o 

% 

C 

n 

I 

1 

n  ' 

c 

ffi 

1 

1 

mm 

1 

s 

S 

4 

J  1 

1 

1 

1 

1 

1 

—4 

M  M 

1 

M 

1 

M 

1 

•0 

M 

U 

1 

I 

1 

s 

S 

I  « 

1 

V 

1 

0) 

1 

•o 

m 

u  a 

1 

a 

1 

a 

1 

'  c 

c 

.)  >1 

1 

>1 

>1 

1 

s 

s 

1 

1 

1 

a 

J3 

1 

1 

1 

X 

9 

n 

1 

1 

1 

M 

U 

0) 

1 

1 

1 

« 

« 

o  • 

Pi 

i 

1 

1 

* 

X3 

u 

1 

. 

1 

s 

A)  r* 

I 

oo 

ax 

1 

U  Wl  P4 

1 

1 

«N 

1 

1 

CM 

1 

1 

14  - 

C-17 


***Xhls  was  necessary  to  maintain  the  water  to  cement  ratio  and  the  level  of  addition  of 
G.B..  salts  used  in.  the  previous  samples.  .  .  • 
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•  •  Table  V 

Chemical  Analysis  for  T-*  Present  in  Water 


'  Cube 
Series** 


Cement 


Type  I 
(control) 


Type  I 


G-.B. 

(salt  used) 


none' 


G.B.-l 


Type  I  .  G.B.-2 


Time  in  r“  •  Time  in 
yB.teT  (ppm)  Water 


1  day  0.125  7  days 


1  day  26  7  days 


1  day  5  • .  7  days 


*Fluoride  analysis  by  specific  fluoride  ion  electrode. 

series  used  in  leaching  experiments  correspond  to 
cube  series  Numbers  (Table  I)  ics.t'wiiu  w 


P“ 

(ppm) 

0,125 

29 

7 


C-20 


Table  VI 

Chemical  Analysis  for  f"~.  P?0<;.  SO3  Present  in  Water  Extracts 


Cube 

Cement 

g.b'. 

Water/ 

Time  in 

P“ 

P2O5 

SP3 

Series 

Used 

Salt  Used 

Clinker 

Water  (d) 

(ppm) 

(ppm) 

(ppm) 

6 

Reg-Set . 

G.B.-l 

0.65 

7 

30 

1400 

5453 

7 

Type 

S 

G.B.-l 

0.65 

7 

21 

1900 

4567 

8 

Type 

I-#l 

G.B.-l 

0.65 

7 

12 

2400 

3400 

17 

Type 

I-#2 

G.B. -3 

0.65 

.4. 

7.5 

7000 

160 

17  ■ 

11 

m 

11 

0.65 

28 

2.6 

3800 

0.00 

18 

Type 

I-i2‘ 

G.B.-l 

0.30 

7 

20.2 

12500 

2900 

18 

m 

•1 

G.B.-l 

0.80 

28 

8.7 

3800 

285 

19 

Type 

■I-#2 

G.B. -3 

0.30 

7 

18.3 

6600 

2260 

20 

■ 

<1 

none 

0.40 

7 

<1.0 

25 

0.00 

21 

m 

G.B. -2 

0.40 

7 

2.7 

13000 

1775 

21 

• 

G.B. -2 

0.40 

28  ■ 

3.7 

14660 

1750 

•22 

Type 

I-#2 

G.B.-l 

0.40 

7 

17.3 

10500 

3820 

22 

n 

m 

G.B.-l 

0.40 

28 

23.0 

14250 

5400 

23 

Type 

1-2 

G.B. -3 

0.40 

7 

28.8 

13100 

3675 

26 

Type 

1-2 

G.B.-l 

0.40 

7 

24.0 

9760 

3150 

26* 

.Tyne 

1-2 

G.B.-l 

0.40 

.  21 

9.6 

4089 

1338 

27 

Type 

1-2 

g'.b.-i 

0.40 

7 

24- 

13180 

3450 

27* 

Tyoe 

1-2 

G.B.-l 

0.40 

21 

9.6 

4089 

646 

28 

Type 

1-2 

G.B.-l 

0.40 

7’ 

31 

16445 

5000 

•  28* 

msm 

1-2 

G.B.-l 

0.40 

21 

23.1 

4089 

692 

29 

Type 

1-2 

G.B. -2 

0.45 

7- 

3‘.7 

1171.0 

3300 

29* 

Type 

1-2 

G.B. -2 

0.45 

21 

1.3 

2468 

154 

*7-day  cubes  placed  in  water  for  an  additional  14  days. 


18  - 


C-21 


DENVER  BOARD  OF  WATER  COIWISSIOKEUS  -  l|l!/\LIT'i  CONTROL  lAOCn/JORV 
FINISHED  HATER  QUALITY  SUMIARY  -  197A 
(Results  are  expressed  hi  mg/ I  or  Units*) 


PARA.€TERS 

sTaiidards 

.••.on  111 

n.Anr. 

Y‘:ri.H  . 

f -••■'-‘•lOFrAT  SYSTEM** 

LPa' 

oi-iil 

'  IM  * 

AVO 

Hili 

'"iiAx 

■Tvg 

Alkalinity  as  CaC03 

5l> 

r.7 

72 

17  - 

37 

25 

Aluminum 

— 

0.50. 

0.020 

n.  lOL 

11.015 

0.085 

0.450 

0.298 

Arsenic 

0.05 

0.05 

0.  OO'J 

o.ocr 

O.flOO 

0.000 

0.000 

0.000 

Cadmium 

0.01 

0.005 

1 

o.onn 

o.ooc 

0.000 

0.000 

0.001 

0.000 

Calcium 

— 

24.1 

36.8 

28.8 

0.4- 

16.4 

11.8 

Chi oride 

250 

50 

17 

39 

27 

2 

1 

[  0.000 

6 

4 

•Chromium 

0.05 

0.05 

o.coo 

1 

3 

0.000 

0.003 

0.012 

0.003 

Color* 

.  IS 

10 

10 

7 

4 

12 

8 

Copper 

I'.n 

0.20 

0.002 

0.015 

0.007 

O'.  003 

0.010 

0.006 

’Fluoride 

2.5 

OiS  to 
1.2 

0.99 

1.30 

1  .-10 

0.17 

3.10 

1.20 

Hardness  as  CaCO. 

— 

— 

86 

129- 

101  ■ 

30. 

69 

41 

Iron 

.  0.3 

0.1 

O.OIC 

O.OCf 

0.050 

6.020 

0.0S5 

0.054 

Lead 

0.05 

0.025 

0.000 

0.003 

0.001 

0.000 

0.005 

0.002 

Mercury 

— 

o.oor 

O.COO 

O.OOC 

0.000 

1  0.000 

0.000 

0.000 

Magnesium 

— 

— 

5.1 

11.2  • 

7.9 

0.73 

6.8 

2.9 

Kanganese 

■0..05 

O.O'l 

0.004 

O.OOC 

0.005 

6.001 

0.007 

0.004 

Molybdenum 

— 

0.000 

O.lCl 

0.055 

0.000 

0.000 

0.000 

Nitrate  as  "N“ 

10  ■ 

1.0 

o.on 

0.20 

0.10 

0.00 

•0.10 

> 

0.05 

pH* 

6.0  Lo 

7.2  to 

• 

R.5- 

■«.o 

7.5 

7.9 

7.7 

•7.3 

.8.0 

7.5 

Potassium 

— 

— 

1.22 

2.20 

1.58 

0.45 

1.00 

0.75 

Phosphate  as. "P* 

... 

0.50 

6.00 

0.08 

0.03- 

0.00 

0.11 

0.03 

nilir^llLD  WATER  QUALITY  SUMt'AKY  -  597'1 
•  .  (continued) 

(Results  are  expressed  in  ing/l  or  Units*) 


”C">Jost  cf  Mr. 
Epst*ein"the  Denver  Water 
Standards  are  enclosed. 


PARAMETERS 


STAtlllARDSI  jOnril  PLATTE  SYSTEM 


MOFFAT  SYSTEM 
AVG 


CPA 

11 

r-iiN 

MAX 

AVG 

MIN 

MAX 

Radioactivity  • 

(Gross  Alpha*) 

- — 

— 

0.0 

1.2 

0.4 

0.0 

1.8 

(Gross  Beta*) 

1000 

1000 

0.0 

17.1 

7.6 

71.2 

07.4 

• 

Residue  (Total) 

500 

250 

135 

214 

177 

25 

91 

Sodium 

— 

— 

11.1 

44. 1 

21.2 

1.50 

3.80 

Sul  fate 

250  • 

100 

i  43 

1 

55 

48 

14 

40 

Temperature  {®C) 

-7- 

20 

11 

6 

il 

20 

Turbidity  (OTU) 

.  5 

0.24 

0.63 

0.42 

1.10 

Zinc 

5 

0.5 

!  0.001 

’  0.025 

0.006 

il  0.000 

O.OIS 

0.7 
80.1 ' 
58 

2.70 

25 

13 

0.69 

0.006 


PARAMETERS  WITH  LIMITED  DATA  ’ 

(Results  of  other  parameters  are  available  upon  request) 


Barium 

Lithium 

Nickel 

Silica  as  SiO. 

i 

Strontium 


1.0 


0'.5 

0.047 

0.022 

0.005 

0.001 

■ 

0.004 

• 

0.000 

••• 

’ 

4.8 

.3.3 

0.230 

1 

0.063 

**  The  Moffat  System  «as  in  operation  from  April  1  to  December  due  to  construction  during 
the  first  three  months  of  the  year. 
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505  McNeilly  F 
Pittsburgh,  Pa.  152: 
Telephone:  (412)  343-86: 


April  7,  1975 


Departnent  of  the  Army 

c/o  Commander,  Edgewood  Arsenal 

Aberdeen  Proving  Ground,  Maryland  21010  — 

ATTN:  SAREA-MT-E/R.  Epstein 

RE:  Chemfix  Waste  Solidification  Process 

Samples  #SW  894A75  &  B75 
Demilitarized  GB  Brine  with  &  without  NaF 

Gentlemen: 

Chemfix  has  completed  an  exhaustive  series  of  solidification  tests  on  your 
submitted  samples  of  GB  brine.  Unfortunately,  these  samples  are  not 
particularly  compatible  with  the  Chemfix  solidification  process  because  of 
the  high  sodium,  organic  and  water  content.  The  successful  sample  from 
Monsanto  Research  was  a  cake  which  we  slurried  with  a  minimum  of  water 
before  Chemfix  treatment. 

Would  it  be  possible  to  mix  any  of  the  below  with  the  waste  as  a  filler 
before  treatment  without  incurring  the  risk  of  releasing  or  activating 
GB  or  other  toxicogens  in  the  waste?  Also,  how  much  supematent  liquor 
can  we  decant  before  treatment? 

1.  Fullers  earth,  kaolin,  or  bentonite 

2.  Calcium,  aluminum,  or  iron  salts  (eg:sulfates  or  hydroxides) 

3.  Flyash 

4.  Silicas 

If  these  are  acceptable  additives,  we  could  begin  a  short  development  program 
to  find  a  formula  for  solidification  at  a  cost  to  the  Army  of  $15 /hr  for 
32  hrs  or  $480.  If  this  is  an  acceptable  approach,  please  let  me  know. 

We  will  then  need  additional  samples.  The  sample  with  NaF  was  the  more 
compatible;  we  would  prefer  to  work  with  this  one. 

Thank  you  for  your  interest  in  Chemfix. 


THE  ULTIMATE  WASTE  DISPOSAL  PROCESS  AND  SERVICE 
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APPENDIX  D 


Cadmium  Content  of  GB  Salt  Samples  and 
Estimates  with  Selective  Elimination  of 
Certain  Production  Lots. 
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I'l 

■■ 

r-L'X'iCTi  InvescigaciGii  of  t!iQ  Ix)3cicity  of  Gii  S.-J-ts  to  iwiiaa  Crcanistio  - 
Watcvr  Quality  Sioloijical  Study  Ilo.  95-040-75/76 


Project  for  Chorilccl  Pe-ni.lltarlsuti.on 

end  ZnstollatLo:!  li^storatioa 
A1=T;;j  DliCPii-OR 

Aliordaen  PxovJLng  Ground^  iAD  21010 


1.  lUrfJilUi'KCES. 


a,  Lottsur#  AJIaDC-O,  Office  of  tiio  AMC  Pro-jraia  Itanager  for 
rvaiailltarlsatioa  o£  CiiardLceil  Material#  ii  cfey  1975#  subject:  •  i5icu.s?>>ty  or 
Geeiilitarltsd  G3  Salt. 


b.  Latter#  1IS2-SV:— J/Jr?#  tills  .Vjency,  12  Febar^ry  1975#  sobjeot* 

«*r-p7  iatnftgy  JSarine  Tto^dcity  and  JJatals  Concentration  Date  on  On  Celts  -  vJnt-ar 
Quality  aiologic&l  Study.  Jfe*  99-040-75/75, .  / 

c, .  Saport#  HSE-njrVsTP#  tills  Agcney»  8  April  197G#  subja'ct:  itetcr 
Quality  Biological  Study  tlo,  95-040—75/76#  In'/eatigatloa  of  the  7o;-iicity  of 
GS  Salts  to  liarlue.  Orgenisss#  5  May-lO  Dccenber  1975, 


d.  Title  40#  Code  of  Pedorol  Kagulatlons  (CFP)  #  1975  ed.#  C'tsgtcr  1# 
Subchapfcer  H#  CXeeaa  Diswing, 


2,  Juj  previously  reported  in  reference  Ic#  tho  toxicity  of  G3  salts  to. 
isnrine  fiah,  olirimp  and  distons  is  3.o'«f  enough  that  ocoaa  disaoing  app-aars  to 
bo  a  viable  tcchnicpio  for  dlspceal,  iT.oiJcvor#  codaiua  concentrations  are 
narkodly  xrarlable  anong  demilitarisation  lots.  As  iireviously  rupertad  in 
rcfercnco  2b,  fcha  averaga  concentration  exceeds  the  imnaissible  imtinun  of 
0,60  Jeg/bg  (rsfarcnce  Id),  Sio  basis  of  this  calculi-i.ti.ca  is  the  anaiyiils  of 
cedaiuo  ih  33  su^les  taXen  frcca  production  lots  representing  appi-roriimatcly 
SO  cercaat  of  tho  cspectod  total  14#000#000  pounds  of  s-i‘3.xa  (sec  iuclo.cad 
Table),  Assusing  a  value  of  "O'*  for  laboratory  repcr;-o  of  *;ioa-<t3tectablo“ 
(detection  linit  0,10  ug/Izg)  #  t^  ostiiafttcd  conces’tratioa  of_cacl:mi'i'a  in  tlie 
entire  product^n._is  ,1,;24  isg/kg,  - - - - 
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-/CJIJJIiCTj  Invcctl^ritlon  of  the  *ro:ciclty  of  CO  .OAlti:  ro  .-itirijiu 
tJater  Quality  Biological  Study  Ifa.  /7.'. _ 


‘rgeiiVn.iS  - 


3.  ^Ilofore  any  further  studies  roquiroJ  ujujr  law  (Tcf:.r  ...c  j  ;  .)  .i--- 
conducted,  a  preliriinaxy  opinion  regarding  ocean  disposal  ah-.rjid  ho  ijolii;iu-2j 
_roii  ihio  US  ravironiaental  Protection  Agsner/  (UliT’O .  Vho  n.cisting  -jta  in 
reforoncas  11>  and  Ic,  are  sufficiciit  for  tiiis  purpose.  'Htis  Ac-oncy  can 

proviae  support  should  teclnical  representation  to  USSPA  regarding  this  studv 
bo  required. 


.-his  latter  cot^Icteu  the  ctiidy  reguosted  in  refamaen  la. 
intsrprotation  or  consultation  uay  ha  obtciined  fron  tive  C^xxaf, 
lingiiuaering  Division,  AUTOYCKJ  534-3919/3290.  iJegoests  for  ad.!, 
fiiiould'be  suiaittad  through  corvaand  channels  to  Coana:ider,  USA 
Darvicec  Csjoraand,  ATIS*  USPA-d,  5*t  San  Houston,  TX  73234. 


TurtJior 

WatiiT  j^Hiftlity 
tional  etudies 
!:ealnh 


POn  TZiS  CSXC-CiHDEaj 


1  Incl 
as 


CPj 

nSDA  (DASG-KCH) 
Cdr,  HCC  (iiSPA-lI) 
car,  HKA 

Cdr,  liXSIXXi  (DBCSG) 
Cdr,  SUh  (SAHHA-IXi) 


A.  D.  iOTxSSSY,  P.E, 

ODL,  MSC. 

Director,  Sngirorrsnntal  Q^’allty 
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V.V.t.r  .;.uality  0.;!^:^^  Orcraniu:^  - 

^AiiLs  a^tiai  cctidiUTiUiTiQiis  lu  G3  s/u^rs 


2a::;olo 


1 

2 

3 

4 
6 
8 
9 

10 

U 

12 

13 

14 

15 

16 
17 
10 
Id 

20 

21 
22 

23  : 

24 

25 

26 
27 
23 
29 

.  30 

31 

32 

33 

34 

35  • 

36 

37  . 

20 

39 

40 


I’roc'actioa 

O**  tcS 

10-16-74 

9-17-74 

3-4-75 

2-19-75 

1- 2-75 

1- 14-75 

2- 4-75 

2- 17-74 

3- 23-74 
9-4-74 

10- 1-74 
3-20-75 

11-15-74 

11- S-74 
11-3-74  - 

'.,4-3.4-75 

7-2-75 

6-J-75 

7-20-74 

6-1-75 

4—16—74 

■  11-22-74 

5-6-75 
.  'l-lQ-74  •• 

■  ■  S-lo-74 

.  7-2-74  - 
0-6-74' 

3- 21-74  - 

"4-2-75 
‘"*■.6-21-74 
2-9-74  .V 
‘7-14-75  • 

■-  6-21-74  ■ 
12-6-74  V 
10-13-74 

4- 4-74  . 
5-20-75 
3-19-73 


Dra'ast 


360 

104 

124 

249 

468 

254 

696 

696 

77 

556  * 
1415 
1178 
26 

350  : 
20 
539 
1235- 
.  94 

129 
.77  • 
r  ai  *• 
..  115  -  • 
505  •• 

■  1519  -* 
10 
1997 
la  ■ 
213  • 
532 
■■  275 
747 
1467 


-^Pia  «>.n«inar5  5  rmd  7  not  U5od“ - ^ 

]!  «  350  lOjs  “ 

vltetectloa  Ilsdt,  Cadaiua,  isd  <0.1 


5’«rcoi;t  '.vf 
Production 


2.41 
3.3-1 

.  3.19 

1.41 

2.33 
1.03 
3.54 
0.65 
1.30 
2.45 

1.33 
3.64 
3.64 
0.40 
2.91 
7,40 
6.16 
0.14 
2.04 
0.15 
2.02 
6.46 
0.49 
0.67 
6.40 

.  0,42 
0.60 

•  2.64  ’ 

.7.96 
0.05 
•  10.44 
0.09 
1.14 
3.04 
1.44 
3.91 
7.67 


-■o/iccn  Lra  tion 
(-i<7/J'.cr) 


2.7 

2.0 

1.3 

1.2 

0.7 

0.7 

iO 

ilD 

KD 

UO 

0.3 

1.0 

1.3 
0.3 

‘0.3 

3.9 

3.3 
1.5 
0.3 
3.9 
0.2 

ND 

7.1 
in> 

3.3 

2.1 
2.0 

3.4 

14.3 

1.1 
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Table  D"l»  Cadmium  Concentrations  in  GB  Salts 

Eliminate  Sample  Nos,  8,  9,  10,  26,  27,  30, 

33,  35,  38,  39  (Ref.  Col.  Kneessy  Letter 

_  May  12,  1976:^ _ _ _ ^ 

^  Percent  of 

Production  Number  Percent  of  Cadmium  Cadmium 

Date  Drums  Production  Concentration  Concentration 

(mg /kg) 


10-16-74 

9-17-74 

3-04-75 

2-19-75 

1-02-75 

1- 14-75 

2- 04-75 

2- 17-74 

8- 23-74 

9- 04-74 

10- 01-74 

3- 20-74 

11- 15-74 

11-08-74 
11-08-74 

4- 14-75 

7- 02-75 

8- 04-75 
7-20-74 

6- 01-75 

4- 16-74 

11- 22-74 

5- 06-75 

1- 18-74 

5- 18-74 

7- 02-74 

8- 06-74 

3- 21-74 

4- 02-75 
.6-21-74 

2- 08-74 

7- 14-75 

6- 21-74 

12- 06-74 

10- 18-74 

4- 04-74 

5- 20-74 

8- 19-75 


124 

249 

468 

254 

696 

696 

77 

556 

1415 

1178 

26 

390 

28 

539 

1235 


1997 


1467- 


16823 


%  of  Total  Samples  Used 


16.823 


X  100  *=  887. 


2.78 

2.73 

3.80 

3.62 

1.60 


19,120  ^ 

Estimated  cadmium  concentration  is  0.49  mg/kg 
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48.8  ^ 
100 

~0.49 


0.488 


Table  D-2.  Cadmium  Concentrations  in  GB  Salts 

Eliminate  Sample  Nos.  26,  30,  33,  39 
(Ref,  Col.  Kneessy  Letter  May  12,  1976) 


Percent  of 

Sample 

Production 

Number 

Percent  of 

Cadmium 

Cadmium 

No. 

Date 

Drums 

Production 

Concentrat ion 

Concentration 

(mg/kg) 

1 

10-16-74 

468 

2.58 

ND 

2 

9-17-74 

460 

2.53 

0.2 

0.51 

3 

3-04-75 

639 

3.52 

1.0 

3.52 

4 

2-19-75 

609 

3.35 

0.7 

2.35 

6 

1-02-75 

270 

1.49 

2.0 

2.98 

8 

1-14-75 

445 

2.45 

3.0 

7.35 

9 

2-04-75 

360 

1.98 

2.4 

4.75 

10 

2-17-74 

104 

0.57 

2.7 

1.54 

11 

8-23-74 

124 

0.68 

2.0 

1.36 

12 

9-04-74 

249 

1.37 

1.3 

1.78 

13 

10-01-74 

468 

2.58 

1.2 

3.10 

14 

3-20-75 

254 

1.40 

0.7 

0.98 

15 

11-15-74 

696 

3.83 

ND 

• 

16. 

11-08-74 

696 

3.83 

0.7 

2.68 

17 

11-08-74 

77 

0.42 

ND 

am 

18 

4-14-75 

556 

3.06 

ND 

am 

19 

7-02-75 

1415 

7.79 

ND 

m 

20 

8-04-75 

1178 

6.49 

ND 

• 

21 

7-20-74 

26 

0.14 

0.3 

0.04 

22 

6-01-75 

390 

2.15 

1.0 

2.15 

23 

4-16-74 

28 

0.15 

1.3 

0.20 

24 

11-22-74 

539 

2.97 

0.8 

2.38 

25 

5-06-75 

1235 

6.80 

0.3 

2.04 

26 

.1-18-74 

• 

27 

. 5-18-74 

129 

0.71. 

3.3 

2.34 

28 

7-02-74 

77 

0.42 

.  1.5 

0.63 

29  . 

8-06-74 

81 

0.45 

0.3 

0.14 

30 

3-21-74 

• 

31 

4-02-75 

505 

2.78 

0.2 

0.56 

32 

6-21-74 

1519 

8.37 

ND 

• 

33 

2-08-74 

• 

34 

7-14-75 

1947 

11.00 

ND 

am 

35 

6-21-74 

18 

0.10 

3.3 

0.33 

36 

12-06-74 

218 

1.20 

2.1 

2.52 

37 

10-18-74 

582 

3.21 

2.0 

6.42 

38 

4-04-74 

275 

1.51 

3.4 

5.13 

39 

5-20-75 

am 

40 

8-19-75 

1467 

8.08 

1.1 

8.89 

WSSSSM 

i^sam 

2J66.67 

7.  of  Total  Samples  Used 

X  100  *=  957. 
19,120  * 


66.67  , 
100 

~0.67 


0.667 


Estimated  cadmium  concentration  is  0.67  mg/kg 
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Chemical  Landfill  Disposal 

1)  Position  paper  on  Controlled  Landfill  Disposal  of 
Waste  Salts. 

2)  BKK  Corporation,  Wilmington,  California, 

Landfill  Disposal,  (Contractor  Letter). 

3)  Chem-Trol  Pollution  Services,  Landfill  Disposal  of 
Mustard  Salts,  (Visit  Report  and  Correspondence). 

4)  Nuclear  Engineering  Co.,  Beatty,  Nevada 
Landfill  Disposal  of  Mustard  Salts,  (Visit  Report 
and  Correspondence) . 

5)  Wes-Con,  Inc.,  Twin  Falls,  Idaho,  Disposed  Mustard 

Salts  by  Encapsulation,  (Visit  Report  and  Correspondence). 

6)  Emplacement  and  Transportation  -  Estimated  Costs 
for  Chemical  Landfill. 
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Position  P^oer'on  Controlled  Landfill  Disposal  of  Haste  T 
Salts  r- -  -  -  ' 

Cdr,  Edgevt-ood  Arsenal  AS.JUL  197£ 

■  ;  Hr.  £psLein/nyn/2o33 


Cdr,  USAHL^  CoC- 
Attn:  HS£-E/WP^]=1r.  Kneessy 

1.  Reference  Is  cade  to  Letter,  ^3E-£A/P,.  USAEKA,  29  June  1976,  SAS. 

2.  Subject  docintsnt  has  been  revised  to  accoiiirodate  ccnsnants  i-^oa  furnished  In  refer¬ 
enced  letter. 


3.  Request  you  review  the  inclosed  position  paper  and  indicate:  vour  concurrence  by 
30  July  1976.  ■-  i-  \ 

FOR  THE  COHKANDER:  ;  .  • 


.  "Hil  rriuZ:  r^v  Ar:’v  hdi 


( 


1  IncI 
;:as- 


iSs- 


:  •  /  •  •  i  fc.  -  -  .  .  mSX  ■■  ..'l!  •  -  ■  • 

siorrjsc  R. ‘EClCttis  ’  ’ 

'5.  "Chief,  Diseosel  Engineering  iJivisicn 
^  >feflufacturir*g  Technology  Directorate 

^ . -V-.;.  ■;c:-5  ci- Arsf-ni  V  f  T' .  > -""V  '  •  'i'-y  '  •• 


i::tt ;  into  i:  i 


t  ^  .  'J  I  . 

■'Jius  •:.  •••  ..V  C'  •  ■.  ■>  i  • 


,  -  ^  r\  •  *  • 


c 
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POSITION  PAPER’ 


ON 

CONTROLLED  LANDFILL  DISPOSAL  OF  WASTE’ SALTS 

I.  Objective.  4 

The  objective  of  this  paper  is  to  assess  the  methods  presently  available  to 

the  Army  for  waste  salt  disposal  and  recommend  a'  procedure  for  implementation. 

II.  Discussion. 

The  demilitarization  of  lethal  chemical  agents  by  the  Army  has  produced  and 
for  some  time  will  continue  to  produce  large  quantities  of  waste  salts.  The 
ultimate  disposal  of  these  waste  salts  is  a  problem  because: there  is  a  large 
quantity  (11,000  tons  at  Rocky  Mountain  Arsenal  in  FY  77);  they  are  mostly  soluble, 
precluding  simple  landfill  disposal;  they  contain  small  but  significant  amounts 
of  heavy  metals;  some  components  in  the  salts  have  been  proposed  by  the  Envi ron-mental 
Protection  Agency  for  designation  as  hazardous  substances  (relative  to  those 
substances  getting  into  the  nation's  waters);  and  because  of  the  nature  of  the 
salts  -  the  origin  being  lethal  chemical  agents. 

Of  immediate  concern  are  the  salts  resulting  from  demil  operations  at  Rocky 
Mountain  Arsenal.  There  are  presently  stored  at  Rocky  Mountain  Arsenal  approximately 
4,200  tons  of  mixed  sodium  salts  produced  from  incinerating  mustard,  scrubbing 
the  off-gases,  and  spray  drying  the  scrubber  solution.  The  current  demil  operation 
at  Rocky  Mountain  Arsenal  will  produce,  by  October  1975  approximately  7,000  tons 
of  mixed  organophosphorous,  sodium  fluoride,  sodium  carbonate  salts  which  are 
produced  from  demilling  GB  with  sodium  hydroxide  and  spray  drying  the  resulting  brtne; 
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The  Army  has  been  investigating  techniques  for  the  ultimate  disposal  of 

the  waste  salts.  As  a  result  of  contractual  efforts^^^  and  in-house  studies, 

•  • 

we  have  narrowed  the  viable  options  for  the  Rocky  Mountain  Arsenal  salts  to  three 
methods,  contract  disposal  including  controlled  landfill,  ocean  dump,  and 
incineration/separation.  These  are  discussed  in  detail  below.  * 

Environmental  regulations  which  impact  on  the  disposal  of  the  waste  salts 
include  Title  40,  Code  of  Federal  Regulations  (CFR),  1975  ed.  Chapter  1,  Sub¬ 
chapter  H,  (Ocean  Dumping) j  the  Federal  Water  Pollution  Control  Act  Amendments 
of  1972;  the  Resource  Recovery  Act  of  1970,  which  amended  the  Solid  Waste 
Disposal  Act  of  1965;  the  Safe  Drinking  Water  Act  of  1974;  and  the  Clean  Air 
Act  Amendments  of  1970. 

III.  Salts  from  Demil  of  Mustard. 

There  are  approximately  4,200  tons  of  mixed  sodium  salts  which  were  produced 
from  the  mustard  demil  program  at  Rocky  Mountain  Arsenal  and  now  stored  there. 
Approximately  3,600  tons  are  in  55  gallon  drums  and  600  tons  in  bulk  form  in 
warehouses.  The  salts  result  from  incinerating  the  mustard,  scrubbing  the 
exhaust  gases  with  sodium  hydroxide,' and  spray  drying  the  brine  solution. 
Analyses  of  the  brine  input  and  salt  output  from  the  spray  dryer  have  always 


analysis,  which  was  less  than  0.5  micrograms/gram. 

.  Chemical  analyses -of  a  composite  salts  sample  which  was  performed  by  USAEHA 

f3) 

during  an  investigation  as  to  the  feasibility  of  ocean  dumping  the  salts'  , 
showed  the  following  major  compounds. 
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L.' 


Percent 


SO^ 

NaH  CO3 
Ka2  SO4 
Na2  CO2 
Fe2  O3 


43.3 

23.6 
5.9 

15.7 
11.9 

.2 


In  addition,  the  following  metals  were  measured;  3) 


Element 

t>tJm(mB/kR) 

Mercury 

3.03 

Cadmium 

16 

• 

Copper 

53 

Zinc 

35 

Lead 

.  ^  5 

Chromium 

<*  25 

Manganese 

<  0.03 

Silver 

<  2.5  ■ 

Molybdenum 

<■0.1/ 

Potassium 

0.7 

Soluble  Iron 

147 

Insoluble  Iron 

2315 

While  there  are  no  restrictions  on  shipping  these  salts,  there  Is  a 
specific  restriction  on  their  disposal  imposed  by.  the  Denver  Region  of 
the  EPA.  That  region  re<iuested  publication  of  a  ’’notice  of  concern”  on 
an  Invitation  for  Bid  (IF3)  which  DSA  published  in  September  1975^^^  when 
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we  were  attempting  to  sell  the  salts.  The  notice  of  concern  stated  that 
application  of  the  salts  to  the  unrestricted  environment,  such  as  high¬ 
way  de-icing,  wher«  uncontrollable  movement  of  the  salts  to  an  airborne* 
state  or  to  the  ground  and/or  surface  waters  results,  would  be  deemed 
unsatisfactory  by  EPA.  They  also  stipulated  that  the  salts  would  not  be 
disposed  of  in  a  sanitary  landfill,  but  land  disposal  in  a  landfill 


(controlled,  or  class  I  type)  specifically  designed  to  receive  special 
wastes  would  be  satisfactory. 

IV.  Salt  from  Demil  of  GB. 

-There  is  a  current  demil  operation  being  conducted  at  RMA  in  which 
the  Army  will  produce  approximately  .7,000  tons  of  waste  organophosphorous 
salts.  The  salts  result  from  reacting  GB  with  a  solution  of  sodium 


hydroxide  to  produce  a  salt  solution,  which  is  spray  dried.and  packed  in 
55  gallon  drums.  The  operation  is  to  be  completed  by  October  1976. 

The  major  components  in  these  salts  are’: 

•  Percent 

Organic  Phosphorous  Compounds  32-59 


NaF 

Na2C03 


12-25 

»■ 

•  8-35 


In  addition,  the  following  metals  were 
Element 
Mercury 


measured: 

•  .ppm(mg/kq) 

<0.1 


Cadmium 
Copper 
2i  nc 


1.24 
13.20  ■ 
145 


E-6 


Element 


Lead 

Chromium 

Manganese 

Silver 


<;o.5 


1.90 


Molybdenum  ■<50 

The  only  restriction  on  shipping  the  salts  or  brine  from  demil  of 
SB  is  that  they  have  to  be  handled  as  a  corrosive,  and  appropriately  * 
packaged  and  labelled.  Prior  to  March  1975,  they  were  shipped  as  a 
Class  B  poison  because  they  contain  sodium  fluoride.  However,  the 
Biomedical  Laboratory,  B/A,  conducted  toxicity  tests  and  established  the 
salts  and  brine  as  a  corrosive  material  rather  than  a  Class  B  poison^®^. 

The  Office  of  Hazardous  Materials,  Department  of  Transportation,  concurred 
in  this  classification.'®^ 

V.  Disposal  Options 

A.  Controlled  Landfill 

A  Controlled  Landfill  is  one  at  which  complete  protection  is  pro¬ 
vided  fur  all  time  for  the  quality  of  ground  and  surface  waters  from  all 
wastes  deposited  there  and  against  hazard  to  public'health  and  wildlife 
resources.  Geological  conditions  are  capable  of  preventing  vertical  and 
lateral  hyoraulic  continuity  between  liquids  and  gases  emanating  from  the 
v/astes  in  the  site  and  useable  surface  or  ground  waters.  Leachate  and 
subsurface  flow  into  the  disposal  a^'ea  are  contained  within  the  site. 

These  and  additional  conditions  are  used  by  the  State  of  California  to 
define  what  they  call  a  Class  I  landfill.  This  term  -  Class  I  landfill 
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/  ‘ 

"is  becoming  generally  accepted  throughout  the  industry  and  in  other  states 

as  well.  Other  synonymous  terms  that  are  used  include  Secure,  Scientific, 

•  « 

•  * 

Chemical,  and  Hazardous  Waste  Landfills. 

There  are  a  number  of  companies  which  operate  controlled  landfills. 

The  Office  of  Solid  Waste  Management  Proarams.  EPA,  while  not  endorsina  any, 
did  publish  a  list  of  some  20  sites  which  provide  controlled  landfill  capa¬ 
bility.  We  visited  three  of  these,  in  connection  with  possible  disposal  of 
the  salts  from  demil  of  mustard;  Chemtrol  Pollution  Services,  Model  City, 

N.Y.,  Wes-Con  Missile  Site,  near  Grandview,  Idaho,  and  Nuclear  Engineering 
Company  near  Beatty,  NE.  All  of  them,  as  well  as  others  .we  had  corresponded 
with,  offer  an  ecologically  sound  method  for  disposal  of  the  salts.  Two  of 
the  companies  have  specific  approvals  from  their  respective  state  environ¬ 
mental  offices  for  disposal  of  the  RMA  salts  from  demil  of  mustard  in  their 
facilities.  We  have  copies  of  the  approved  letters  from  Idaho  for  the  Wes- 
Con  site^^^^  and  from  Nevada  to  Nuclear  Engineering^^^ Controlled -landfills 
that  the  Army  will  utilize  for  disposal  of  the  wastes  from  demil  operations 
will  be  those  which  operate  under  the  cognizance  of  their  respective  state 
environmental  agencies.  The  company  which  operates  the  controlled  landfill 
would  take  title  to  the.  wastes  and  oe  responsible  from  then  on  for  their  con¬ 
trol.  The  companies  have  various  arrangements  with  their  respective  states 
for  perpetual  care.  For  instance.  Nuclear  Engineering  has  a  fund  set  up  with' 
the  state  of  Nevada  where  they  pay  a  certain  lump  sum  every  five  years  and  ^ 
monthly  payments  to  the  state  for  ever^  cubic  foot  of  material  buried. 

The  cost  of  disposal  in  a  controlled  landfill  can  be  estimated  with 
a  fair  degree  of  accuracy.  For  large  quantities  of  wastes  (such  as  several 


chousand  tons  of  salts)  the  cost  for  disposal  once  the  material  is  delivered 
to  a  site  is  approximately  $1  to  $2  per  ft^.  Waste  salts  in  55  gallon  drums 
with  400  lb  salt  per  drum  would  cost  approximately  $70  per  tbn.  The  cost  of 
shipping  by  rail  is  roughly  $60  per  ton  for  1,000  miles. 

For  comparison  with  other  disposal  options,  assuming  the  landfill  « 
is  1,000  miles  from  RMA,  the  cost  for  controlled  landfill  disposal  of  7,000 
tons  of  demil led  6B  salts  is  estimated  as: 


Loading  at  RMA 

•  $100K 

Transportation 

420K 

Contract  for  controlled  landfill 

•  500K 

Prepare,  coordinate  contract 

50K 

Prepare  amendment  to  EIS 

40K 

$1,11  OK 

Scheduling  of  controlled  landfill  disposal  would  require  approxi¬ 
mately  nine  months  to  prepare  and  coordinate  an  addendum  to  the  M34  EIS, 
and  prepare  and  av/ard  a  contract  for  the  disposal.  Three  to  twelve 
additional  months  could  be  required  for  the  actual  disposal-,  depending 
on  the  contractor  selected  and  the  rate  he  could  accept  the  material. 
This  rats  could  be  lower  than  normal  capacity  due  to  the  desire  to  main¬ 
tain  a  low  visibility  and  not  attract  undue  public  attention  to  the 
Army's  waste. 

Controlled  landfill  disposal  of  the  demil led  mustard  salts  is 
estimated  as:  '  . 

Loading  at  RMA  $  60K 


( 

Transportation 

Contract  for  controlled  landfill 
Prepare  coorcinate  contract 


22QK 

300K 

20K 

$600K 


.  Ocean  Dumping  as  a  means  of  disposal  of  waste  materials  is  closely 
regulated.  The  Marine  Protection,  Research  and  Sanctuaries  Act  of  1972, 
Public  Law  92-532  (Title  40CFR,  Chapter  1,  Subchapter  H,  Ocean  Dumping), 
established  a  program  for  issuance  of  permits  by  EPA  for  dumping  in  the  ocean 
of  all  materials  (other  than  dredged  spoil,  which  is ‘controlled  by  the  Corps 
of  Engineers).  The  Act  also  established  criteria  for  granting  of  permits. 
Certain  materials  are  absolutely  prohibited  from  ocean  dumping,  such  as 
chemical  warfare  agents.  Other  materials  are  prohibited  such  as  mercury  or 
cadmium  and  its  compounds,- in  other  than  trace  quantities.  The  concentration 
which  must  not  be  exceeded  is  specified  in  the  regulations.  Certain  materials 


are  defined  as  requiring  "special  care.”  Included  in  this  category  are 
•  inorganic  fluorides  and  organophosphorous  compounds.  The  presence  of  these 
materials  requires  proof  in  the  form  of  bioassay  tests,  that  they  v/ill  not 
cause  adverse  effects  on  marine  life.  Based  on  the  criteria,  general,  special, 
interim  special,  emergency,  or  research  permits  can  be  applied  for. 

In  the  case  of  waste  salts  from  the  RT-'iA  mustacd  and  GB  demil  opera- 
tions,  only  the  special  or  interim  special  permits  would  apply.  General 
permits  are  used  to  regulate  such  activities  as  dumping  of  galley  v/astes, 
removal  of  wrecked  vessels  from  navigation  channels,  and  burial  at  sea. 
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in  emergency  permit  will  be  issued  only  when  there  is  a  marked  degree  of 
urgency,  there  is  Ganger  to  human  health,  and  there  is  no  feasible  alter¬ 
native.-  Research  permits  are  used  to  conduct  research  into  the  impact  of 
materials  on  the  marine  environment.'  A  special  permit  regulates  all 
materials  not  covered  by  the  general  permit.  In  the  event  the  criteria  ^ 

described  in  the  regulations  are  not  met,  an  interim  special  permit  may 
be  granted  if  there  is  no  feasible  present  alternative  to  ocean  dumping. 

To  evaluate  the  feasibility  of  requesting  a  permit  to  ocean  dump  * 
the  waste  salts  from  the  RMA  mustard  and  from  the  GB  demil  operations, 
the  US  Army  Environmental  Hygiene  Agency  conducted  studies  on  these 
materials.  The  study  of  the  salts  from  mustard  demil showed  that  the 
salts  are  significantly  toxic  to  fish,  shrimp  larvae  and  algae  to  warrant 
very  high  dilution  in  the  mixing  zone  to  meet  the  requirements  of  PL  92-532. 
Also,  the  mercury  and  cadmium  concentrations  in 'the  salts  exceed  the  maxi¬ 
mum  allowable  per  PL  92-532.  The  study  concluded  that  a  request  of 
the  US  EPA  to  grant  an  ocean  dump  permit  is  "contraindicated.'' 

The  study  of  the  salts  from  GB  demil^5)(6)(7)  ^-n^icated  the  toxi¬ 
city  of  the  salts  is  low  enough  that  ocean  dumping  appears  to  be  a  viable 


technique  for  disposal.  However,  cadmium  concentrations,  which  were  variable 
among  demil  lots,  s.howed  an  average  v/hich  exceeds  the  permissable  of  O.fO 


mg/kg.  The  estimated  concentration  of  cadmium  for  the  entire  7,000  tons 
of  salts  (samples  were- taken  from  production  lots  Representing  50  percent 
of  the  expected  total)  was  1.24  mg/kg.  This  would  preclude  the  obtaining 
of  a  special  permit,  but  an  interim  special  permit  would  still  be  a  possi¬ 
bility.  However,  obtaining  such>  permit  would  be  difficult,  costly,  and 
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time  consuming.  The  regulations  stipulate  that  certain  conditions  must 
be  met  for  an  interim  special  permit,  including  an  assessment  of  the  degree 
of  treatment  feasible  to  meet  the  standards  and  the  development  and  active 
implementation  of  a  plan  to  either  eliminate  the  discharge  to  the  ocean 
or  to  bring  it  within  the  limits  of  the  criteria  in  the  regulation.  Also,* 
coordination  with  EPA  by.  the  Pollution  Abatement  Officer,  LTC  R.  Hanson,  in  ’ 
the  Office  of  the  Proj  Mgr  for.  COIR,  surfaced  that  pursuing  a  permit  would 
almost  certainly  require  public  hearings.  While  the  Army  expects  to  conduct 
the  disposal  in  an  open  manner,  including  writing  an  addendum  to  the  M34  EIS, 
public  hearings  would  undoubtedly  result  in  increased  costs,  schedule  delays, 
and  unwanted  publicity. 

The  cost  for  ocean  dumping  (7,000  tons  of  waste -salt  from  demil  of  GB, 
for  comparison)  is  estimated  as:  . 


Load  at  RMA 

$100K 

Transportation  to  port  (1,100  mi) 

BOOK- 

Unload  at  port 

TOOK 

Ocean  Dump,  including  loading  barges 

TOOK 

Bioassays 

25K  • 

Prepare  permit  application 

% 

15K 

Prepare, coordinate  contract 

50K 

Prepare  amendment  to  EIS 

• 

40K 

Prepare,  respond  to  Public  Hearings 

20K 

• 

.  $950K 

Scheduling  of  ocean  dump  disposal  is  estimated  as  requiring  27  months, 
including  18  months  to  prepare  and  obtain  approval  for  a  permit  (included  in 
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that  time  is  9  months  to  prepare  and  coordinate  an  addendum  to  the  M34 
EIS).  An  additional  3  months  is  estimated  for  the  initial  ■  bioassay. 

The  disposal  itself  is  estimated  at  3  months,  and  the  final 
bioassay  3  months  after  that.  •  *  •  • 

C.  Inci nerat i on/Separati on  * 

Incineration  as  a  means  of  disposal  of  the  waste  salts  from  demil 
of  GB  is  an  option  since  the  salts  contain  approximately  50  percent  organics. 
The  waste  salts  from  demil  of  mustard  contain  no  organics,  only  various 
sodium  salts,  and  are  not  candidates  for  incineration. 

The  feasibility  of  incinerating  the  salts  from  demil  of  GB,  -both  whole 
salts  and  after  separating  out  the  sodium  fluoride  portion  of  the  salts, 
was  investigated  by  Although  we  showed  on  Pilot  Scale  that  we 

could  filter  out  most  of  the  sodium  fluoride,  the  projected  cost  for  the 
process  compared  to  the  value  of  the  saleable  .sodium  fluoride^^^^made  it 
obvious  it  was  not  an  economical  approach.  Tor  a  return  of  d60  per  ton, 
it  would  cost  $4,000  per  ton,  including  capital  equipment. 

As  far.  as  this  project  is  concerned,  therefore,  incineration  as 
a  disposal  option  refers  to  burhing  the  whole  salts  from  demil  of  GB 
followed  by  disposal  of  the  residue  in  a  landfill.v  The  incineration  would 
be  done  in  the  existing  equipment  at  RfiA  (modified  as  necessary)  which 
was  used  for  burning  bulk  quantities  of  the  chemical  agent  mustard. 
Pollutants  resulting  from  the  incineration  would  be  P20g  and  HF.  A 
packed  scrubber  would  remove  the  HF  and  a  Brink  Mist  Eliminator  would 
remove  the  P2®5»  to  maintain  effluent  discharges  to  the  air  in  accordance 
with  requirements  of  the  Clean  Air  Amendments  of  1970  and  the  Colorado  Air 
Pollution  Control  Regulations.  Other  residues  produced  from  the  incinera¬ 
tion  and  scrubbing  would  be  treated  with  calcium  hydroxide  to  make  insoluble 
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calcium  fluoride,  calcium  carbonate,  and  apatite.  This  material  could  be 
disposed  of  in  a  sanitary  landfill.  State  authorities  in  Colorado  and 
federal  authorities  at  the  Solid  and  Hazardous  Waste  Research  Laboratory 
of  the  EPA  stated^^^  that  this  was  a  satisfactory  method  for  disposing  of 
detoxified  waste  salts.  •  • 

The  cost  and  time  for  this  method  of  disposal  of  the  salts  from 

demil  of  GB  is  considerably  greater  than  for  the  two  previously  described 

% 

methods.  •  Although  it  is  planned  that  the  existing  equipment  at  RMA  would 
be  used,  extensive' modification  to  that  equipment  would  be  required.  It 
is  estimated  the  installed  cost  of  new  .and  modified  equipment  would  be 
approximately  $1,100^000.  A  breakdown  of  the  estimated  cost,  based  on 
a  1  year  production  disposal  operation  for  7,000  tons  is  estimated  as: 


Pilot  Scale  Testing  of  Design  Concept  $  150K 
Prepare  Contract  Scope  &  Coordination  for  above  lOK 
Design  Criteria  for  Production  Equipment  20K 
Design  Contract  for  Production  Equipment  20K 


Modification  and  Installation,  &  Capital  Equipment  1,1 OOK 


Ruh-in  of  Full  Scale  System 

Production  Disposal,  including  disposal  of  ash  or 
scrubber  sludge 
Prepare  Addendum  to  M34  EIS 


TOOK 

400K 
40K 
$1 .840K 


•s 


The  time  required  to  implement  this  disposal  is  estimated  as 
48  months,  including  12  months  for  the  actual  disposal  and  36  months  to 
accomplish  the  piloting,  design,  modifications,  and  run-in  shown  above. 
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D.  Other  Options  Considersd 

We  studied  other  disposal  methods  for  the  waste  salts,  which  we 

•  •  • 

determined  to  be  either  not  feasible,  not  cost  effective,  not  ecologically 
desireable,  or  not  fully  developed  to  be  used  at  this  time. 

Among  the  disposal  methods  not  feasible  was'  sale/recycle  to  * 

industry  since  we  could  -not  consummate  a  sale  after  several  attempts. 

Methods  which  we  found  to  be  not  cost  effective  include  molten  salt  com- 

% 

bustion,  and  electrolytic  conversion  of  the  salts  to  useful  products. 

We  judged  deep  well  disposal  not  ecologijcally  desireable  compared  with  more 
positive  separation  of  the  salts  from  the  environment...  MefTtods  we  judged 
not  fully  developed  for  our  application  (cost  effectiveness  to  be  assessed 
when  further  developed)  include  encapsulation  in  an* inert  matrix,  such  as 
the  Chemfix  and  TRW  methods,  under  ocean  floor  burial,  fluid  bed  combustion, 
and  burial  in  abandoned  salt  mines  on- salt  somes.  Removal  of  the  cadmium 
from  the  demil led  GB  salts  and  then  pursuing  ocean  dump  disposal  was  con¬ 
sidered,  but  this  was  also  judged  not  sufficiently  developed  at  the  present 
time  for  our  application.  We  have  received  a  letter  from  Battell-e,  Pacific 

Northwest  Laboratories,  suggesting  the  concept  but  saying  it  was  not  off 

* 

the  shelf  and  would  have  to  be  developed.  We  wouTd  assess  the  cost 
effectiveness  when  the  process  was  further  defined. 

VI.  Summary.  •  ^  • 

A  comparison  of  the  three  disposal  options  for  the  v/aste  salt  from 
RMA  Mustard  and  G£s  dsmil  are  summarized  in  the  following  table: 


Controlled  Landfill 

Ocean  Dump 

Incineration 

Salts  from  demil 
of  mustard 

Cost 

$600K 

« 

Schedule 

12-^18  Months 

Environmental 

Assessment 

Acceptable 

Not  Acceptable 

♦ 

Salts  from  demil’ 
6f  GB 

Cost 

$1,100K 

$1 ,000K 

• 

$1,840K 

Schedule 

1 2-21  Months 

27  Months 

48  Months 

Environmental 

Assessment 

Acceptable 

Not  Acceptable 

^  Acceptable 

Based  on  the  above,  it  is  concluded 

that  the  salts 

from  demil  of 

mustard  should  be  disposed  of  under  a  disposal  contract  which  will  include 
controlled  landfill,  because  there  appears  to  be  no  acceptable  and  economic 
alternative.  The  primary  disposal  method  for  the  waste  salts  from  demil 
of  GB  should  be  controlled  landfill. 

VII.  Recommendations. 

A.  The  disposal  of  the  salts  from  the  mustard  demil  should  be  initiated 
so  a  disposal  contract  can  be  awarded  in  the  IQ  FY*??. 

E.  A  contract  for  disposal  of  the  salts  from  demil  nf  pr  should  follow 
with  a  taroet  award  date  in  the  4Q  FY  77.  -  .  ' 
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Department  of  the  Army  •  ■  . 

Headquarters,  Edgev/ood  Arsenal 

Aberdeen  Proving  Ground,  MD  21010  ’ 

Attention;  Mr.  Sigmund  R.  Eckhaus  fy 

Chief,  Disposal  Engineering  Division 
Manufacturing  Technology  Directorate 
SAREA-MT-E 


Gentl emen: 


With  respect  to  your  letter  of  March  23,  we  are  pleased  to  advise  that 
all  of  the  identified  materials  can  be  accepted  for  disposal  (via  drum 
burial)  in  the  BKK  Class  I  landfill  located  in  the  City  of  Viest  Covina 
(County  of  Los  Angeles),  California. 

Based  upon  the  weight  information  you  provided,  it  would  appear  that 
there  are  approximately  850  to  900  55-gallon  drums  involved.  Assuming 
that  the  Army  v/ould  provide  for  delivery— in  a  single  shipment— to  the 
Port  of  Long  Beach,  the  estimated  total  cost  for  pickup,  transport¬ 
ation  (Long  Beach  to  V/est .Covina ) ,  and  disposal  of  these  drums  would 
range  between  $25,000  and  $30,000.  The  physical  form  by  v/hich  the 
drums  would  be  delivered  (i.e.,  loose,  palletized,  or  in  overseas  ship- 
ing  containers  or  vans)  could  obviously  influence  the  cost.  Additionally, 
if  the  drums  v/ere  delivered  via  many  shipments  (vs.  a  single  shipment), 
the  pickup  and  transportation  cost  would  be  increased  slightly. 

We  would  be  pleased  to  provide  our  services  and  facilities  for  your 
organization's  unique  waste  disposal  needs — as  we  have  done  for  other 
elements  of  the  U.  S.  Army  and  the  Department  of  Defense. 

If  our  transport/disposal  capabilities  and  the  estimated  costs  cited 
above  are  acceptable,  v.'e  would  be  pleased  to  examine  this  matter  further 
with  your  organization  and  to  provide  you  with  a  firm  cost  proposal. 

We  await  your  reply. 


LMT:  plb 


Sincerely, 


Leonard.  M.  Tinnan 
Vice  President-Technical. 


E-18 


SAREA-MT-E 


DEPARTMENT  OF  THE  ARMY 
HEADQUARTERS.  EDGEWOOD  ARSENAL 
ABERDEEN  PROVtNG  GROUND.  MARYLAND  21010 


24  JUH1975 


MEMORANDUM  FOR: 


Director  of  manufacturing  technology 

^•V _ 


SUBJECT:  Report  of  Visit  tolChem-Trol  Pollution  Services]  Concerning  the  Disposal 
•  of  Mustard  Salts  in  their  Facility  ^  ^ 


1.  Purpose  of  Travel.-  This  travel  was  made  to  examine  the  Chem-Trol  Pollution 
Services  facility  to  decide  whether  it  will  be  acceptable  from  an  ecological 
standpoint  for  ultimate  disposal  of  demil led  mustard  salts. 

2.  Itinerary.  Edgewood  Arsenal,  Aberdeen  Proving  Ground,  MD  21010  to  Chem-Trol 
Pollution  Services,  Inc.,  1550  Balmer  Road,  Model  City,  NY  14107,  and  return 

to  Edgewood  Arsenal,  APG,  Md.  on  11  June  1975. 

3.  Individuals  contacted. 


Walter  J.  Watson,  Technical  Sales  Coordinator 
•Edv/ard  R.  Shuster,  Division  Manager 
Robert  A.  Stadelmaier,  Laboratory  Manager 

4.  Discussion  of  Problems. 

a.  We  are  looking  for  methods  for  ultimate  disposal  for  the  approximately 
4,200  tons  of  demilled  mustard  salts  now  stored  at  Rocky  Mountain  Arsenal.  We 
had  sold  the  salts  but  the  purchaser  defaulted  and  didn't  take  over  the  material. 
Other  options  include  ocean  dumping,  but  preliminary  bioaquatir  studies  by  the 
AEHA  indicated  this  would  be  unlikely  to  be  acceptable  by  the  EPA.  Another  option, 
conversion  of  the  salts  to  useful  products  is  being  studied  but  will  require  some 
lab  work  followed  by  piloting.  An  investment  in  production  facilities  would  also 
be  required. 

b.  Chem-Trol  offers  the  possibility  of  ultimate  disposal  at  their  facility. 

We  had  sent  a  sample  of  the  mustard  salts  to  them.  They  analyzed  the  material 

in  relation  to  thetr  processing  and  determined  they  could  safely  and  ecologically 
dispose  of  all  of  the  mustard  salts.  They  are  currently  processing  a  trial  run 
of  150  drums,  or  approxijnately  60,000  lbs  of  the  salts  under  a  $2,400  Contract  No. 
DAAA15-75-M-2935. 


c.  The  disposal  of  our  salts  would  be  done  in  their  scientific  controlled 
landfill.  The  landfill  on  their  property  is  a  sump  with  two  layers  of  impermeable 
clay  with  a  30  mil  welded  seam  chlorinated  polyethylene  (hypalon)  liner  between  t.he 
layers.  Internal  sumps  within  each  cell  are  used  to  collect  leachate  which  is 
subsequently  treated  as  required.  They  have  analyzed  the  potential  leachate  from 
the  salts  and  have  determined  how  they  would  treat  it.  No  products  leave  oujt/O/^, 
the  closed-loop  system.  All  effluents  remain  on  the  Chem-Trol  property 
and  are  controlled  and  processed  as  indicated  on  the  inclosed  flow- 
sheet  (incl  1). 
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SAREA-f^- 

SUBJECT: 


r  .24  JUN.1S75 

Report  of  Visit  to  Chem-Trol  Pollution  Services  Concerning  the  Dispose 
of  Mustard  Salts  in  their  Facility 


d.  Chem-Trol  is  a  service  company  specializing  in  the  disposal ,  recycling, 
reclaiming,  processing,  and  treating  of  chemical  wastes.  They  are  licensed  by 
the  state  of  New  York,  and  while  there  are  no  federal  regulations  as  yet  on  land¬ 
fill  disposal  of  chemical  wastes,  they  coordinate  closely  with  the  EPA's  solid 
wastes  management  personnel  in  Washington-  Their  first  line  of  regulation  is 
exercised  by  the  Niagara  County  (N.Y.)  health  department.  Chem-Trol  registers 
all  wastes  with  them  and  when  a  landfill  is  filled,  it  is  sealed  with  a  clay  cap 
and  this  fact  registered  with  the  County.  Monitoring  is  maintained  by  sucking  out 
leachate  from  the  internal  sumps,  or  standpipes,  and  the  leachate  is  treated  and 
recycled  as  necessary. 

e.  When  Chem-Trol  accepts  wastes  for  disposal  they  take  title  to  the  wastes. 

f.  Estimated  costs  for  4,200  tons  of  mustard  salts  will  be  $320,000  plus 
shipping  costs.  Shipping  cost  is  estimated  at  $300,000.  Chem-Trol  will  give  us 
a  more  refined  estimate  for  processing,  and  we  will  get  a  shipping  estimate  from 
Rocky  Mountain  Arsenal. 

g.  Chem-Trol  also  appears  to  have  capability  for  disposal  of  residue  from 
demil  of  GB  in  an  ecologically  sound  manner.  Vie  will  provide  them  a  small  sample 
to  study.  Arsenic  and  I.D.  Set  residue  will  also  be  explored  for  disposing  by 
this  method. 


6.  Summary. 

a.  Chem-Trol  provides  process  for  ultimate  disposal  of  mustard  salts  (and 
possibly  GB  salts  as  .well).  This  process  could  result  in  the  disposal  of  mustard 
salts  at  their  facility. 

b.  Chem-Trol  exhibits  an  understanding  of  the  ecology  of  waste  disposal  as 
well  as  the  necessary  technology.  They  maintain  control  of  all  products  they 
receive  and  process  so  there  are  no  effluents  escaping  to  the  environment.  Viith 

the  quantity  of  residue  that  v/ill  be  generated  by  the  Army  in  their  disposal  program, 
the  Army  may  want  to  consider  setting  aside  land  that  must  be  reclaimed  in  ulie  land 
reclamation  program  to  establish  this  type  of  facility.  Chem-Trol  expressed  an 
interest  in  establishing  such  a  facility  for  the  Department  of  the  Army  and  if 
desired  they  could  operate  the  government  facility  (GOCO). 

c.  They  have  licenses  from  local  regulatory  agencies  as- appropriate,  and 
maintain  good  coimiunication  with  the  EPA  so  the  EPA  is  knowledgeable  of  their 
activities. 

d.  Chem-Trol  can  dispose  of  arsenic,  which  may  be  of  interest  to  our  nonlethal 
disposal  program  as  well  as  the  I.D.  Kits  disposal. 

e.  Disposal  Engineering  Division,  Manufacturing  Technology  Directorate  will 
send  sample  of  demil  led  GB  salts  to  Chem-Trol  for  their  evaluation.  This  will  be 
accomplished  by  30  June  1975. 
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5ARE/^;-MT-E  ^  ^ 

SUBJECT:  Report  of  Visit  to  Chetn-Trol  Pollution  Services  Concerning  the  Disposal 
of  Mustard  Salts  in  their  Facility 


7.  Recorimendations. 


a.  If  sale  of  mustard  salts  fails  again,  dispose  of  mustard  salts  from 
Rocky  Mountain  Arsenal  by  Chem-T.rol  closed  loop  system  at  their  facility. 


b.  For  future  disposal,  the  Army  should  consider  reserving  a  site  at 
Rocky  Mountain  Arsenal  or  other  nearby  location,  and  consider  possibility 
of  a  government  ov;ned  scientific  landfill.  This  landfill  could  be  established 
under  a  contract  with  Chem-Trol,  to  their  specifications,  and,  at  least  initially, 
run  by  them. 


1  Incl 
as 


ROBERT  I.  EPSTEIN 

Project  Engineer 

Disposal  Engineering  Division 


APPROVEDs 


^^"'SlfiMUND  R.  ECKHAUS 

Chief,  Disposal  Engineering  Division 


CF: 

Chief,  Demil /Disposal  Ofc  (J.  Carter) 
AMXDC-0  (MAJ  Gross) 

Chief,  Dspo  Engr  Div 
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CONTRACT  FOR  REMOVAL,  DISPOSAL  OR  TREATMENT  OF  WASTE 

Chem-Trol  Pollution  Services,  Inc. 

7;^  P.O.  BOX  200  •  MODEL  CITY.  NEV/  YORK  14107 


Department  of  the  Army 
CUSTO.MER  Commander.  Edoewood  Arsenal 


DATE  6/16/7S 


ADDRESS _ Aberdeen  Proving  Ground.  Md.  2JQ10 _ 

ATTENTION:  SAREA  ~  HT-E  /  MR.  Robert  Epstein _ | _ _ 

Chem-Trol  Pollution  Services.  Inc.,  hereinafter  referred  to  as  “Chcm-Trol”  and  the  abovenamed  customer 
hcreLy  agree  that  the  following  materials  will  be  removed,  disposed  of  or  treated  on  the  terms  and  condition.^ 
hereinafter  provided. 


DESCRIPTION  AND/OR  ‘  PROCESSING  APPROXIMATE 

COMPOSITION  OF  .MATERIAL  CHARGE  VOLUME 


Chem-Trol  Code  609-B  $14.50  per  20,000  drums 

•Ilxed  Sodium  Salts  55  gallon  drum  (4,000  tons) 

)ry  Salt  residues.  Nominally 
30^  Na2S03,  30^  NaCl ,  25^  Ma2C03, 

’OS  Na2S0ij,  balance  NaOH,  Na2C03, 

-e  Hydroxide  and  water  with  trace 
quantities  of  heavy  metals,  as  per  sample, 
trial  shipment,  and  letters  of  2/21/74 

.=5nd  5/29/75. 


TRANSPORTATION  METHOD  AND  CHARGE 

Above  Prices  are  F.O.B.  Model  City,  N.Y.  Customer  to  provide  and  prepay 
freight  by  rail  or  truck. 

METHOD  OF  DISPOSAL  OR  TREATMENT  . 

)ispcsal  using  Chcm-Trcl's  Closed  Loop  System,  in  accordance  with  State  and  Federal 
aollution  control  regulations. 
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TERM  OF  AGREEMENT  Opg  time  requirement  for  approximate  quantity  above,  to  be 
eceived  during  1975.  Quote  valid  through  July  31 »  1975. 

TERMS  OF  PAYMENT:  Net  30  Days-  U.S.  Funds 

This  agreement  is  subject  to  all  of  the  terms  and  conditions  on  the  face  and  reverse  side  hereof.  It  shall 
become  a  binding  contract  only  when  signed  and  delivered  by  the  customer  to  Chem-Trol  and  accepted  by  .i:; 
otfjccr  of  Chem-Trol  in  writing  and  a  copy  of  said  written  acceptance  is  mailed  or  delivered  to  the  customer. 


CUSTOMER’S  SIGNATURE 


ACCEPTED  BY: 

•  CHEM-TROL  POLLUTION  SERVICES.  INC. 
BY _ _ _ _ _ 


date _ 

CT-m  si.  Watt*  Contract 


DATE 
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STANDARD  TERMS  AND  CONDITIONS  OF  CONTRACT 
FOR  removal,  DISPOSAL  OR  TREATMENT  OF  WASTE 


PRECAUTIONS  •  Chem-Tro!  shall  perform  its  services  herein  in  a  careful  and  workmanlike  manner.  Oicm-Trol 
agrees  to  utilize  all  reasonable  precautions  in  the  handling,  transportation  and  disposal  of  materials  so  as  to  avoid 
injuries  to  persons  and  damage  to  property. 

IDENTIFICATION  -  Customer  shall  furnish,  in  writing  to  Chem-Trol.  a  reasonable  time  in  advance  thereof,  (a)  a 
description  or  identification  of  the  major  composition  of  the  waste  material  to  be  removed,  disposed  of  or  treated, 
(b)  a  sample  thereof,  and  (c)  customer’s  existing  procedures  for  safely  handling  such  products. 

packages  or  containers  -  Where  customer  furnishes  packages  or  containers  for  the  materials  which  are  the 
subject  of  this  contract,  customer  shall  be  responsible  for  and  make  certain  that  said  packages  or  containers  comply 
with  all  laws,  rules,  regulations  and/or  ordinances  which  may  be  applicable  to  the  safety,  packaging,  storage  or 
transportation  thereof. 

COMPLIANCE  WITH  LAWS  AND  REGULATIONS  •  Chcm-Trol  shall  comply  with  all  of  the  existing  requirements 
of  Federal,  State  and  local  laws,  rules,  regulations  and/or  ordinances  applicable  to  the  services  to  be  performed.  If 
any  change  occurs  with  respect  to  any  such  laws,  rules,  regulations  and/or  ordinances,  the  terms  of  this  agreement 
shall  be  renegotiated  within  ten  (10)  days  after  written  notice  thereof  by  Chem-Trol  to  customer;  however  the 
services  herein  are  to  continue  during  said  negotiations.  If  such  negotiations  do  not  result  in  an  agreed  price  within 
said  ten  (10)  days,  this  contract  will  be  considered  terminated  unless  the  parties  agree  in  writing  to  extend  such 
period  of  negotiations. 

Chem-Trol  further  agrees  to  comply  with  reasonable  safety  standards  adopted  by  customer  for  observance  at 
customer’s  premises.  Chem-Trol  .shall  furnish  customer  with  copies  of  permits  or  other  documents  which  arc  re¬ 
quired  for  di.sposaI,  removal  or  treatment  of  the  material  which  is  the  subject  of  this  contract. 

TITLE  TO  MATERIALS  -  Where  Chem-Trol  provides  transportation,  title  to  the  materials  which  are  the  subject  of 
this  contract  shall  pass  from  the  customer  and  vest  in  Chem-Trol  at  such  time  as  said  materials  are  loaded  into  the 
vehicles  provided  by  Chem-Trol.  If  transportation  is  not  provided  by  Chcm-Trol  title  to  said  materials  shall  pass  from 
the  cu.stomer  and  vest  in  Chcm-Trol  at  such  time  as  said  materials  have  been  unloaded  at  Chem-TroTs  plant. 


INDEPENDENT  CONTRACTOR  •  At  all  times  herein  Chem-Trol  shall  be  considered  an  independent  contractor. 

LIABILITY  OF  CUSTOMER  -  Customer  assumes  liability  for  damages  or  injuries  caused  or  contributed  to  by  the 
negligence  of  customer,  its  agents  or  employees. 

INDEMNITY  -  Chem-Trol  agrees  to  take  all  reasonable  precautions  tt)  prevent  injury  to  persons  or  damage  to  prop¬ 
erty  during  the  progress  of  work  related  to  this  contract  and  Chcm-Trol  shall  indemnify  and  hold  harmless  customer 
against  such  damages  or  injuries  as  may  arise  by  reason  of  services  performed  by  Chcm-Trol.  its  agents  or  employees 
pursuant  to  this  agreement.  This  indemnity  shall  not  indemnify  the  customer  for  its  own  negligence  as  herein  provided. 

INSURANCE  -  aiem-Trol  shall  carry,  at  its  expense,  the  following  insurance  coverage:  . 

Workmen's  Compensation  Stalul.ory  ic.quirements 


Public  Liability 

Personal  Injury 

Property  Damage 

« 

Automobile  Liability 
Personal  Injury 

•  Property  Damage 


SI 00 .OCX),  per  person 
S300.000.  per  accident 
S 1 00.000.  per  accident 

$100,000.  per  person 
S300.000.  per  accident 
Si(X).000.  per  accident 


Certificates  of  such  insurance  shall  be  furnished  to  customer  on  request. 


CHANCE  IN  COMPOSITION  OF  WASTE  MATERIAL  -  In  the  event  that  there  is  any  change  in  the  composition  of 
the  waste  matcnal  identified  under  this  contract  as  may  he  revealed  by  Chcm-Trol’s  analysis,  the  terms  of  this 
agreement  shall  be  renegotiated  within  ten  (10)  days  after  written  noltcc  thereof  by  Chcm-Trol  to  the  customer; 
however  the  services  herein  are  to  continue  during  said  negotiations,  if  such  negotiations  do  not  result  in  an  agreed 
price  within  safd  ten  (10)  days,  this  contract  will  be  considered  terminated  unless  the  parties  agree  in  writing  to 
extend  said  period  of  negotiations. 

ACCESS  TO  PREMISES  -  Customer  agrees  that  Chcm-Trol.  its  agents  and  employees  shall,  during  the  term  ol  ihis 
‘;oiuract.  havt  reasonable  access  to_castomcr’s  premises  in  fulfilling  this  contract. 
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NO  LIABILITY  -  The  parties  to  this  agreement  shall  not  be  liable  to  each  other  by  reason  of  delays  or  nonperform¬ 
ance  caused  by  circumstances  beyond  such  parties*  control,  including  but  not  limited  to  acts  of  God.  fire,  storms, 
strikes,  lockouts,  work  stoppages  or  delays,  labor  disputes,  transportation  embargoes  or  delays,  inability  to  obtain 
lUiileriuls,  equipment  or  transportation,  floods,  by  war  or  other  emergency. 

ARBITRATION  •  Any’  controversy  or  claim  arising  out  of  or  relating  to  this  contract  or  the  breach  of  it  shall  be 
settled  by  arbitration  in  Buffalo,  New  York  before  one  arbitrator  in  accordance  with  the  rules  of  the  American 
Arbitration  Association  and  judgment  upon  the  award  rendered  by  the  arbitrator  may  be  entered  in  any  court  having 
jurisdiction. 

CANCELLATION  FOR  CAUSE  -  Either  party  may  cancel  this  contract  at  any  time  without  cost  or  penalty  during 
the  term  hereof  if  the  other  party  fails  to  property  and  timely  perform  their  obligations  as  herein  provided  and  such 
failure  continues  for  more  than  seven  f7)  iiys  after  either  party  has  notified  the  other  thereof  in  writing.  Chcm-Trol 
sliali  have  llic  right  to  cancel  this  contract  at  any  time  if  customer  becomes  insolvent,  makes  an  assignment  for  the 
benefit  of  creditors  or  a  bankruptcy  petition  is  filed  by  or  against  the  customer. 

ENTIRE  AGREEMENT  AND  CONSTRUCTION  •  TItis  contract  shall  constitute  the  entire  agreement  between  the 
parlies  and  no  modification  siiall  be  binding  unless  in  writing  and  executed  by  the  party  to  be  charged.  This  contract 
shall  In-  con.slriicJ  in  accordance  with  the  laws  of  the  State  of  New  York. 
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SAREA-MT-E 


DEPARTMENT  OF  THE  ARMY 
HEADQUARTERS.  EOGEWOOD  ARSENAL 
ABERDEEN  PROVtMG  GROUND.  MARYLAND  21010 


January  1S76 


MEMORANDUM  FOR: 


DIRECTOR  OF  MANUFACTURING  TECHNOLOGY 


SUBJECT:  Report  of  Visit  to [Nuclear  Engineering  Col,  Beatty.  Nevada, 
Concerning  the  Disoosal  of  Mustard  Salts  in  its  Facility 
14-16  Jan  76 


1.  Purpose  of  Travel .  To  examine  Nuclear  Engineering  Vs.  facility^to 
decide  whether  it  will  be  acceptable  from  an  ecological  standpoint  for 
ultimate  disposal  of  demil led  mustard  salts. 

2.  Itinerary.  Edgewood  Arsenal.  Aberdeen  Proving  Ground,  MD  21010 
to  Nuclear  Engineering  Co.,. Beatty,  Nevada,  and  return  to  Edgewood 
•Arsenal,  APG,  Md.  on  19  Jan  76. 

3.  Individuals  Contacted. 

Palmer  Berry,  Site  Manager 

4.  Discussion  of  Problems. 

a.  One  of  three  options  for  disposing  of  the  approximately  4,0CD 
tons  of  demilled  mustard  salts  now  stored  at  Rocky  Mountain  Arsenal 
is  to  place  them  in  a  permanently  controlled  environment. 

b.  Nuclear  Engineering  Co.  offers  the  greatest  potential  of  ultimate 
disposal  at  its  facility.  Com.pos1te  analysis  of  the  mustard  salts  were 
previously  sent  to  them  for  review.  They  determined  that  they  could 
safely  and  ecologically  dispose  of  all  the  mustard  salts,  iluclear 
Engineering  Co.  has  now  received  approval  from  eacn  of  tne  State 
Environmental  Protection  Service  Departm.ents  where  burial  is  being 
considered. 

c.  Nuclear  Engineering  Co.  now  operates  three  sites  which  are 
being  considered  for  the  disposal  of  the  demilled  mustard  salts. 

The  Beatty,  Nevada  site  is  leased  from  the  State  of  Nevada.^  It  now 
encompasses  80  acres  with  the  option  of  more  land  being  available  when 
needed.  The  method  of  landfill  is  trench  burial  with  one  area  for 
radioactive  wastes  and  another  for  chemical  wastes.  The  two  areas  are 
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mREA-MT-E  21  January  1976 

SUBJECT:  Report  of  Visit  to  Nuclear  Engineering  Co.,  Beatty ,  .Nevada 
Concerning  the  Disposal  of  Mustard  Salts  in  its  Facility 
14-16  Jan  76 

separated  by  a  470  foot  buffer  rone.  The  direction  of  water  flow 
is  such  that  it  does  not  flow  from  one  area  into  the  second  area. 

d.  Each  trench  is  35  feet  deep  x  500  feet  long  x  70  feet  wide. 
The  trench  is  then  filled  with  stacked  drums  31  feet  high._  (The 
drums  are  stacked  upright  for  liquids  and  sidev/ays  for  solids).  The 
trench  is  then  filled  with  earth  and  a  mound  of  soil  made  over  the 
trench  so  the  total  soil  coverage  is  approximately  15  feet.  Each 
trench  is  then  marked  with  a  concrete  monument  which  represents  ? 
specific  burial  record  with  the  types  and  quantities  of  the  mateirial 
in  the  trench., 

e.  The  site  has  a  natural  clay  liner  of  approximately  180  to 

200  feet  in  thickness.  The  water  table  is  greater  than  360  feet  deep. 
The  site  water  well  is  about  510  feet  deep.  The  area  of  Beacty,'  Nevada 
receives  about  2  in/year  rainfall.  The  town  of  Beatty  is  11  miles  from 
the  site  and  has  a  population  of  400. 

f.  Nuclear  Engineering  Co.  accepts  title  to  all  wastes  when 
they  contract  for  disposal.  The  state  of  Nevada  has  a  perpetual 
care  fund  set  up  with  this  firm.  Nuclear  .Engineering  pays  the  state 
$500,000  every  5  years  in  advance  and  also  m:eke  monthly  payments  to 
the  state  for  every  cubic  foot  of  material  buried.  At. the  present 
time,  they  bury  about  30,000  cu.  ft. /mo. 

g.  There  are  observation  wells  around  the  chemical  and  radioactive 
waste  areas  to  check  for  migration.  They  perform  well,  air,  and  soil 
tests  once, a  month..  The  Environmental  Protection  Agency  performs  the 
same  tests  once  every  3  months.  In  the  14  years  of  operation, 

thej'  have  had  no  migration  or  leakage  of  either  radioactive  or  chemical 
wastes. 


h.  Nuclear  Engineering  Co.  appears  to  have  the  capacity  to  handle 
the  demil  led  GB  salts  as  well  as  arsenic  compounds. 

5.  Summary. 

a.  Nuclear  Engineering  Co.  can  provide  ultimate  disposal  for  the 
mustard  salts  at  its  facility.  {All  disposal  by  Nuclear  Engineering  Co. 

■  is  in  drums ) . 

b. .  A  rough  cost  estimate  for  disposal  of  approximately  4,000  tons 
of  salts  by  Nuclear  Engineering  Co.  is  $285,000,  This  figure  is  in  the 
process  of  being  refined  with  exact  specifications  as  to  which  site  will  be 
used. 
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/A^EA-MT-E  21  January  1976 

/SlSJECT:  Report 'of  Visit  to  Nuclear  Engineering  Co.,  Beatty,  Nevada 
Concerning  the  Disposal  of  Mustard  Salts  in  its  Facility 
14-16  Jan  76 


/ 


c.  They  have  licenses -from  local  regulatory  agencies  as  required, 
and  maintain  good  communication  with  the  Environmental  Protection  Agency 
so  that  others  are  knowledgeable  of  their  operations  at  all  times. 

d.  Nuclear  Engineering  Co.  can  dispose  of  arsenic,  which  is  of 
interest  to  our  arsenic  disposal  program  as  v/ell  as  the  Ident  Kits  disposal. 

6.  Follow- UP. 

a.  Coordinate  with  Environmental  Protection  Agency,  Region  9,  to 
assess  past  performance  of  Nuclear  Engineering  Co.  in  landfill  disposal 
operations. 

b.  Contact  Mr.  G.  S.  Williamson,  Nuclear  Engineering  Co.,  to<  get 
more  information  about  the  perpetual  care,  program. 

c.  Consider  arsenic  disposal  in  the  same  landfill.  ’ 


- - 1 


2  Incl 

1.  Ltr,  State  of  Nevada  to 
Nuclear  Eng'g  Co.,  30  Dec  75 

2.  Drawing,  Chemical  Wastes  Area 


STEVEN  J.  ROSENBERG 
Project  Engineer 
Disposal  Engineering  Division 
Manufacturing  Technology  Directorate 


APPROVED  BY: 


SIGMUND  R.  ECKHAUS 

Chief,  Disposal  Engineering  Division 
CF: 

Chief,  Demil/Disposal  Ofc  (M.  Stanka) 
Proj  Mgr  for  CDIR  (N.  Coale) 
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STATE  OF  NEVADA 

DEPARTMENT  OF  HUMAN  RESOURCES 
ENVIRONMENTAL  PROTECTION  SERVICES 
Capitol  Complex 

.  CARSON  CITY.  NEVADA  •  89710 


December  30,  1975 


6.  S.  Williamson 
General  Hanager 

Unclear  Engineering  Company,  Inc. 
P.O.  Box  156 

San  Ramon,  California  94583  * 
Dear  Hr.  Williamson: 


Review  of  the  information  concerning  the  disposal  of  4000  tons  of 
Rocky  Mountain  Arsenal's  incinerator  wastes  indicates  that  there  would  be  no 
environmental  problems  associated  with  its  disposal  at  the  Beatty  burial  Site 

However,  I  personally  hate  to  see  that  site  filled  up  with  waste 
materials  that  are  not  generally  considered  hazardous. 

Sincerely, 


•  ’'3 

dn 

xc:  John  Heder 


E.  LaVeme  Rosse 
Program  Director 
Solid  Waste  Management 
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Nuclear  Engineering  Company  Inc. 

WESTERN  OPERATIONS  HEADQUARTERS  ■  J>.0.  BOX  .156,  SAN  RAMON,  CALIF.  0-1583 

PHONE  (415)  S37-155! 

December  22,  1975 

Mr.  LaVernc  Rosse,  Public  Health  Engineer 

Division  of  Health 

Consumer  Health  Protection  Services 

Capital  Complex 

Carson  City,  Nevada  89710 

Dear  Mr,  Rosse, 

We  have  been,  asked  by  the  Department  of  the  Army  to  bid  on  dis¬ 
posing  of  some  4,000  tons  of  mixed  inorganic  salts  which  were  produced 
^  Rocky  Mountain  Arsenal  from  the  stack  gases  from  their  incinerator.  • 

The  attached  October  21st  letter  from  the  Army  gives  details.  Also 
attached  is  a  hazard  analysis  of  the  material  made  by  this  office. 

As  you  can  see,  we  would  be  dealing  with  large  volumes  of 
innocuous  salts,  which  should  pose  no  problems  when 
buried  in  a  special  trench  at  Beatty.  We  are  also  considering  • 
shipping  some  to  Illinois  and  some  to  Texas. 

Illinois  authorities  have  given  us  permission,  and  we  expect 
to  receive  permission  from  Texas  in  a  few  days. 

Normally,  we  would  not  consult  you  on  material  with  this  low 
degree  of  hazard,  but  because  of  the  volume  involved,  it  definitely 
becomes  a  matter  for  your  attention. 

Your  concurrence  will  be  appreciated. 

Sincerely, 

NUCLEAR  ENGINEERING  COMPANY,  INC, 


G.  S,  Wllllaason 

General  Manager,  Western  Operations 

GSW:cw 
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Hazard  Ratings  of 
niajor  ingredients  (per  gax'> 


Consti tuents 


Acute  Local 
Irritant  Ingestion 


Chronic  Sysi.ntiic 

l»ocal-  Acute  Oironic 


Sodium 

Chloride  (437.) 

1 

1 

0 

0  0 

Sodium 

— 

• 

Sulfite  (247.) 

2 

2 

U 

2  1 

Sodium 

Bicarbonate  (6^) 

•  f 

Not  rated,  bu^'t 

used  as 

food 

additive  and  as  a  medicine. 

Sod ium 

Sulfate  (167.)  Not  rated,  but  used  in  food  packaging  materials. 


Sodium 

Carbonate  (127.) 

2 

2 

1 

U 

U 

Iron  Oxide  (0.27.) 

1 

- 

0 

0 

0 

Notes: 

1.  Rating  system 

0  *= 

1  = 

2  = 

U  «= 

No  hazard 
Slight 

Kodera te 
Unknown 

2.  Other  than  the  major  ingredients,  there  are  parts  per  million  amounts 
of  various  metals  (refer  to  actual  analysis). 

3.  Of  these  metallic  constituents,  the  worst  from  a  toxicological  stand-  ‘ 
point  are  mercury,  cadmium  and  lead.  Even  though  they  are  in  trace 
amounts,  the  totals  amount  to  approximately  8,  128  and  less  than  40 
ppunds  respectively,  We  can  argue  with  validity  that  these  amounts, 
distributed  throughout  8,000,000  pounds  of  essentially  non-toxic 
material,  and  contained  within  our  highly  impermeable  trench  walls, 
will  constitute  no  tlireat  to  tlic  environment* 


The  Army  realizes  that  their  analysis  totals  101. for  major  components, 
but  they  feel  that  this  is  within  the  range  of  accuracy  of  the 
determinations. 


4. 


de:part.ment  of  the  army 
‘headquartcrs.  eogcv/ood  arsenal 

ABCROCCN  TROVINC  GROUND.  MARYLAND  -21010 


2 1  OCT  1375 


*  *  ’  •  •  • 

Hr.-G.S.  Williamson  , 

Nuclear  Engineering  Coir/.^r.y 
P.O.  Box  156  *j 

San  Ranxin,  CA  94583  . 


Dear  Mr,  Williamson;  ! 

•  •  • 

As  you  requested  during  your  FONECON  with  KK  Epstein,  Dspo  Engj/Div, 

Hfg  Tech  Dir,  Edgewood  Arsenal,  on  7  Oct  75,  we  are  sending  you 
technical  data  on  the  mixed  sodium  salts  v;e  are  interested  in  disposing. 

In  March  1974,  .the  US  Army  completed  a  project  at  Rocky  Mountain  Arsenal, 
Canver,  Colo,  to  demilitarize  the  chemical  agent  mustard  (CM2  ^^2  ^^^2 
The.  agent  was  incinerated,  and  the  resulting  gases  scrubbed  with  caustic 
(NaOH).  The  resulting  brine  was  spray  dried  to  produce  a  mixture  of 
inorganic  sodium  salts.  Analyses  of  the  brine  input  and  salt  output 
from  the  spray  dryer  have  always  been  negative  for  mustard  within  the 
limit  of  the  colpfime’tfTc  method  of  analysisi  which  was  less  than  0.5 
micrograms/gram.  Approximately  4,000  tons  of  salts  were  produced  and 
are  .currently  stored  at  Rocky  Mountain  Arsenal,  mostly  in  55  gallon 
steel  drums. 

The  chemical  analysis  of  a  composite  sample  of  the  salts  shows  the' 
following  major  compounds.  The  composite  sample  was  the  representative 
of  all  the  salts  produced  in  15  production  lots*. 

NaCl  .  ;  43  percent'  •  '  . 

Na2  SO3  *  24.  percent- 

NaHC03  6  percent  •  .  • 

Na2  SO4  16  percent  - 

Ka2  CO3  12  percent. 

Fe2  O3  0.2  percent  '  •  . 


V 

•  •  ' 


RECQv.^nncT?  ^  w!' 


mREA-HT-E 

Hr.  G.S.  wmiarnson 


9.1  OCT  1975 


The  following  trace  metals  were  measured; 


Mercury^ 
Cadmium  • 
Copper 
Zinc 
.  Lead 
Chromium 
Manganese 
Silver 
Molybdenum 
Potassium 
Soluble  iron 
•  Insoluble  iron 


•  -1.03  ppm  (mg/ kg) 

16.00 
53,00 
35.00 

<  5.00 

<  25.00 

<  0.03 

■  <  2.50 

<  0.10 

**“'■  <  0,70 

147  •  . 

2315 


The  pH  was  approximately  10.0  for  concentrations  of  10,000  ppm  of  the 
mixed  sodium  salts.  '  *  •  • 


The  Army  is  investigating  various  disposal-  options  for  the  salts, 

including  disposal  by  encapsulation/landfill.  V.’e  would  be  interested 

in  your  commenjts  regarding  possible  use  of  your  landfill. 

*♦*** 

•  .  *  .*  *  *  • 

Sincerely  yours. 


[GMUI^^  R.  ECKHAl 
Chief,  Disposal  Engineering  Division 
Manufacturing- Technol  ogy  Di rectorate 
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Nuclear  Engineering  Company  Inc. 

WESTERN  OPERATIONS  HEADQUARTERS  a  P.O.  BOX  IDG.  SAN  RAMON,  CALIF.  94583 

PHONE  (415)  837-1561 


November  12,  1975 


Kr.  Sigmund  R.  Eckhaus 
Chief,  Disposal  Engineering  Division 
Manufacturing  Technology  Directorate 
Department  of  the  Army, 

Headquarters  Edgewood  Arsenal 
Aberdeen  Proving  Ground 
Maryland,  21010 


> 

> 


Dear  Mr.  Eckhaus; 


Your  letter  of  October  21,  1975  asked  us  for  our  comments  regarding  the 
use  of  our  facilities  for  the  disposal  of  some  4,000  tons  of  mixed 
inorganic  salts  produced  from  the  demilitarizing  of  mustard  agent  at 
Rocky  Mountain  Arsenal, 


V&  have  given  considerable  thought  to  this  and  believe  that  there  is  a 
very  stromg  likelihood  that  we  could  dispose  of  the  material  at  our 
Class  I  Chemical  Waste  Disposal  Sites  at  Sheffield,  Illinois  and  Robstown, 
Texas.  We  also  have  a  site  at  Beatty,  Nevada  but,  as  the  nearest  rail*head 
is  almost  100  miles  distant,  we  have  eliminated  it  from  consideration. 

We  have  not  approached  the  state  regulatory  authorities  in  Texas  end  Illinois 
but,  on  the  basis  of  the  analysis  you  have  provided,  we  do  not  believe 
they  will  object  on  toxicity  grounds.  The  main  problem  may  be  due  to  the 
volume  involved,  hence  our  proposal  to  split  the  material  between  the  two 
states. 

With  regard  co  possible  costs,  we  have  obtained  preliminary  freight  rates 
from  the  railroads  involved.  On  the  basis  of  moving  2,000  tons  to  Robstown 
Texas  in  box-cars  and  2,000  tons  to  Sheffield,  Illinois  on  truck  trailers 
mounted  on  flat  cars,  we  estimate  that  the  transportation  and  disposal  cost 
for  the  4,000  tons  of  material  will  be  approximately  $285,000.00. 

The  estimate  is  based  on  the  following: 

1,  The  salts  will  be  in  55  gallon  steel  drums  which  will  be  loaded 
by  Arsenal  personnel  on  to  flat-car  mounted  trailers  or  in  to 
boK  cars,  which  will  be  positioned  on  the  Arsenal  rail  'siding. 

2.  It  may  be  possible  to  secure  a  special  commodity  rate  from  the 
railroads,  which  cotild  make  a  significant  reduction  in  the  rail 

.  costs  we  have  used.  It  usually  takes  about  90  days  to  obtain 
such  a  special  rate, 
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3,  We  have  assumed  that  the  two  states  involved  will  have  no 
objections  to  receiving  the  waste  material. 

If  the  forgoing  proposal  is  of  interest  to  you,  we  will  consult  with  the 
regulatory  agencies  involved  and  will  refine  our  estimate  into  a  firm 
quotation. 


Sincerely, 


NUCLEA.S.  ENGIl^ERIKG  CO. ,  INC. 


G.  S.  Williamson 

General  Manager,  Western  Operation 


GS!^/kh 


DEPARTMENT  OF  THE  ARMY 
HEADQUARTERS.  EDGEWOOD  ARSENAL 
ABERDEEN  PROVING  GROUND.  MARYLAND  21010 


SAREA-MT-E 


7c.- 


4  0CT1S7.S 


MEMORANDUM  FOR: 


DIRECTOR  Of^llANUFACTURING  TECHNOLOGY 

Ni 


SUBJECT:  Report  of  Visit  to I  Wes-Con,  Incj  Concerning  Disposal  of 
Demil  led  Mustard  Salts  in  their  Facility,  24-26  Sep  75 


1.  Purpose  of  Travel.  This  travel  was  made  to  examine  the  Wes-Con 
facility,  which  is  a  deactivated  Titan  Missile  Site  for  possible 
disposal  of  demil led  mustard  salts. 


2.  Itinerary.  Edgewood  Arsenal,  Aberdeen  Proving  Ground,  MD  21010 
to  Wes-Con  Missile  Site,  Grandview,  Idaho,  and  return  to  Edgewood 
Arsenal,  APG,  Md.  on  Monday,  29  Sep  75. 

3.  Individuals  contacted. 


Gene  Rinebold,  President,  Wes-Con 
Warren  Shill ington,  partner,  Wes-Con 

N.  Ed  Barker,  Chief,  Solid  Waste  Management,  Idaho  Dept  of  Health 

and  Welfare 

JerT7  Jankowski,  Assistant  to  Mr.  Barker 
Mike  Stanka,  Demil /Disposal  Office,  Edgewood  Arsenal 
Ned  Coale,  Project  Managers  Office,  Edgewood  Arsenal 
•  ■)  . 

4.’  Discussion  of  Problem. 


a.  Among  the  options  for  disposing  of  the  approximately  4,200  tons  of 
demilled  mustard  salts  now  stored  at  Rocky  Mountain  Arsenal,  is  to  place  them 
in  a  permanently  controlled  environment. 


b.  Wes-Con  owns  a  deactivated  Titan  Missile  Site  which  has  an 
underground  storage  capacity  of  approximately  1,500,000  ft^.  The  storage  . 
area  is  made  up  of  a  series  of  impenetrable  silos  and  vaults  with  side 
walls  and  floors  of  four  to  thirteen  feet  of  steel  reinforced  concrete 
and  110  ton  doors  to  cover  the  top  when  filled.  The  silos  and  vaults, 
all  stripped  of  salvageable  materials,  are  within  17  acres  and  consist  of: 


3  missile  silos 

3  propellant  silos 

• 

3  equipment  silos 
2  antenna  silos 
1  entry  silo 


40'  diameter  x  160'  deep 
40 'diameter  x  35'  deep 
42*  diameter  x  68'  deep 
38'  diameter  x  67'  deep 
39'  diameter  x  70'  deep 


^  V 


SAREA-MT-E 
SU3JECT : 


i  4  OCT  1975 

Report  of  Visit  to  Wes-Con,  Inc,  Concerning  Disposal  ct 
Dcinilleci  Mustard  Salts  in  their  Facility,  24-2d  Sep  75 


*1  power ho use  vault  -  .  .  126'  diameter  hemisphere 

1  control  center  vault  50'  diameter  hemisphere 


c.  Wes- con  was  formed  to  dispose  of  toxic  chemicals  and  used 
pesticide  containers.  They  have  a  permit  to  operate  by  the  state  of 
Idaho,  and  are  watched  over  by  the  Idaho  Department  of  Health  and 
Welfare. 


5 . ^  Summary. 

a.  The  Wes-Con  facility  provides  a  possible  disposal  site  for 
the  Roc|:y  Mountain  Arsenal  mustard  salts.  The  volume  of  4,200  tons 
of  salts  is  approximately  85,000  ft^.  The  salts  are  in  55  gallon 
drums.  Assuming  a  50  percent  silo  loading  efficiency,  when  the  filled 
drums  are  dumped  randomly  in  a  silo,  they  would  ta'sce  up  about  170,000  ft“. 
The  volume  of  one  missile  silo  is  about  200,000  ft*^,  so  that  we 
expect  to  have  all  of  the  salts  contained  in  one  silo. 


b.  Another  option  is  to  empty  the  drums'  contents  into  a  silo, 
and  get  essentially  100  percent  .loading  efficiency.  This  would  mean 
less  cost  to  the  Army.  In  addition,  the  drums  would  have  salvage  value, 
making  it  more  economically  desirable. 

c.  A  rough  cost  for  disposal  by  Wes-Con  1$  3  cents  per  pound 

or  $250,000.  Shipping  costs  from  Rocky  Mountain  Arsenal  to  the  site 

$2. 60/hundred  weight,  or  $220,000  . 


d.  Vie  talked  to  N.  Ed  Baker  and  Oerry  Jankowski  of  the  Idaho  Deparcmer.t 
of  Ilealth  and  Welfare  (Idaho's  ERA)  about  this  concept.  They  speak 
favorably  of  Wes-Con,  and  see  no  immediate  objection  to  the  possibility 
of  disposing  of  our  waste  there.  They  requested  analytical  data  on  tiie 
salts,  v/hich  is  being  supplied.  They  did  state  that  their  responsibility 
is  to  protect  the  state  of  Idaho,  and  this  includes  public  opinion  aspects 
of  the  problem.  They  suggested  we  also  coordinate  with  Tobias  Hedghal , 
Chief  of  Solids  Waste  in  the  ERA  Region  X. 


e.  Wes-Con  is  extremely  public  relations  oriented,  and  maintains 
exce-llent  relations  with  the  Idaho  Department  of  Health  and  Welfare. 
They  respond  immediately  to  environmental ists' inquiries  and  offer  free 
■  pesticide  and  container  disposal  to  residents  of  the  county,  and  free 
under  emergency  conditions  for  hazardous  material  witnin  Idaho  when  re 
by  State  or  Federal  agencies,  etc. 

Follow-up. 

a.  Send  data  requested  to  N.  Ed  Barker,  'state  of  Idaho. 
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,  .  ‘sTtREA-MT-E 


1  4  OCT  197 


SUBJECT:  Report  of  Visit  to  Wes-Con,  Inc.  Concerning  Disposal  of 
.Demi lied  Mustard  Salts  in  their  Facility,  24-26  Sep  75 


b.  Coordinate  with  E.PA  Region  X. 


ROBERT  I.  EPSTEIN 
Project  Engineer 


APPROVED  BY: 


A  (A. 


riGMUfiD  R.  ECKHAUS 

^hief.  Disposal  Engineering  Division 


CF: 

Chief,  Demil/Disposal  Office  (M.  Stanka) 
Proj  Mgr  for  CDIR  (Ned  Coale) 
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P.  O.  Box  564 


WES  CON,  INC. 


Phone  208-733.0897 


Twin  Falls.  Idaho  83301 


August  6,  1975 


Commander 
Edgewood  Arsenal 

Attention  SAREA-MT-E  (Robert  Epstein)' 

Aberdeen  Proving  Grounds 
Edgewood,  Maryland  21010 

Dear  Mr.  Epstein: 

We  have  tested  the  samples  of  your  sodium  phosphonate  salts  and 
these  materials,  for  all  purposes,  are  inert. 


You  may  be  assured  that  WES-CON  can  encapsulate  this  material  in 
a  legal  and  safe  manner. 

We  are  looking  forward  to  meeting  you  and  any  other  members  of 
your  staff  who  may  wish  to  inspect  our  facilities  and  evaluate 
our  equipment  and  procedures. 


GR/jl 


Sincerely, 


WES -CON,  INC. 


Gene  Rinebold 
■President 
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IDAHO 


DxTAETMEjN  i  01  HEALTH  AND  WELEAE.E  DIVISION  OF  ENVIRONMENT 

Statehouse 
Boise,  Idaho  83720 


March  17,  1976 


Sigmund  R.  Eckhaus 

Chief,  Disposal  Engineering  Division 
Manufacturing  Technology  Directorate 
Department  of  the  Army 
Headquarters,  Edgewood  Arsenal 
Aberdeen  Proving  Ground,  Maryland  21010 

Dear  Mr.  Eckhaus: 

Gene  Rinebold  at  Wes  Con,  Inc.,  has  requested  that  we  review  your 
letter  of  January  7,  1976  concerning  the  disposal  of  the  chemical 
riot  control  agent  at  the  Wes  Con  facility.  Due  to  the  high  voli- 
tility  and  toxic  chemicals  of  the  riot  control  agent  DM,  and  the 
strong  wind  in  Owyhee  County,  the  Division  of  Environment  will  not 
approve  the  Wes  Con  facility  for  the  disposal  of  this  material. 

Pertaining  to  another  material,  as  you  will  recall,  the  Department 
of  the  Army  requested  permission  from  this  department  to  dispose 
of  a  mixture  of  sodium  salt  which  resulted  from  incinerating  mus¬ 
tard  gas. 

This  office  has  completed  our  technical  ’ review  of  the  sodium  salt 
in  reference  to  its  suitability  for  disposal  at  the  Wes  Con  facility. 
A  copy  of  the  technical  review  and  our  recommendations  have  been 
sent  to  the  office  of  Cecil  D.  Andrus,  Governor  of  Idaho,  for  their 
comment  and  review. 

Your  office  will  be  notified  as  soon  as  the  office  of  the  Governor 
responds.  This  should  be  sometime  in  April  as  soon  as  this  session 
of  the  Idaho  legislature  adjourns. 


N.  Ed  Barker,  Jr.,  Supervisor. 
Solid  Waste  Management 


NEB/ca' 

cc:  Gene  Rinebold,  Wes  Con,  Inc. 
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P.  O.  Box  564 


Phone  208.733.0897 


WES  CON,  INC. 

Twin  Pauls.  Idaho  83301 


June  20,  1975 


Coraoander,  Edgewood  Arsenal 

Attention  SAREA-MT-E  (Robert  Epstein) 

Aberdeen  Proving  Grounds 
Edgewood,  MD  21010 

Dear  Mr.  Epstein; 

Thank  you  for  considering  us  as  a  possible  disposal  site  for  your  plant 
waste  chemicals. 

We  are  prepared  to  encapsulate  this  material  in  a  safe  and  legal  manner 
at  your  convience. 

You  may  ship  via  common  carrier  if  you  desire,  however,  we  would  prefer  to 
ship  with  our  ovm  truck  or  a  carrier  of  our  choice.  The  advantage  to  you,  if 
we  assume  the  transportation  responsibility,  would  be  that  the  title  deed 
(bill-of-lading)  will  be  transferred  to  us  at  the  time  the  trucks  are  loaded 
on  your  property.  The  advantage  to  us  is  that  we  will  have  control  of  the 
material  for  scheduling,  loading,  transportation,  and  unloading.  This  pro¬ 
cedure  allows  us  to  utilize  our  personnel  who  have  extensive  training  and 
equipment  for  handling  hazardous  material. 

The  technical  data  enclosed  is  quite  self  explanitory,  however,  we  have 
made  a  number  of  improvements  in  our  procedures  which  include  a  complete  fire 
control  system,  both  on  the  ground  surface  as  well  as  under  ground. 

You  may  select  all  or  any  portion  or  area  of  our  complex  for  your  specific 
use  and,  we  are  prepared  to  establish  any  further  procedures  for  safety  and 
c on ta inrent  that  you  may  recommend. 

You  and  any  other  members  of  your  staff  are  welcome  to  inspect  our  site  at 
any  time,  and  we  are  prepared  to  meet  with  you  personally  to  work  out  every 
aspect  of  the  procedures  and  prices  involved. 

The  following  is  a  partial  list  of  our  existing  governmental  customers; 


U.S.A.F.  Water  Port  Logistics  Office  DET2  WA 

D.S.  Fish  and  Wildlife  CO 

Naval  Petroleum  Reserve  AL 

Dept,  of  Interior,  Bonneville  Power  .  WA,  OR,  ID 

•  D.S.  Forest  Service  ID 

.  Veterans  Administration  Hospital  OR 

•  HQ  Dept,  of  Army  DAEN-ZGE  WA,DC 

University  of  Idaho  ID 

University  of  Washington  WA 

State  of  Idaho,  Environmental  Services  ID 

Naval  Facilities  Engineer  Command  -  Western  Div.  CA 

Utah  Power  &  Light  UT 
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Coimnander,  Edgewood  Arsenal  .  . 

Attention  SAREA-MT-E  (Robert  Epstein) 

Page  2 

June  20,  1975  •  - 

Thank  you  again  for  your  interest  in  our  company,  we  are  looking  forward  to 
meeting  you  at  the  OTS-CON  SITE. 

Sincerely, 


WES -CON,  INC. 


Gene  Rinebold 
•  President 


GR/jl 

Enclosures 


Si  STM 

. . . 

T*\*P*n  A  ■D'T'Ti.  /T'l 


TATE  OE  ID_A 


DETAETMENT  OE  EIEALTH  AND  WEIEAEtE  division  of  environmen- 

Statehouse 
Boise,  Idaho  83720 


May  5,  1976 


Sigmund  R.  Eckhaus 

Chief,  Disposal  Engineering  Division 
Manufacturing  Technology  Directorate 
Department  of  the  Army 
Headquarters,  Edgetvood  Arsenal 
Aberdeen  Proving  Ground,  Marylsmd  21010 

Dear  Mr.  Eckhaus: 

Tliis  letter  is  pursuant  to  the  numerous  meetings  and  your 
letter  of  October  14,  1975  requesting  Health  and  Welfare, 
Division  of  Environment  approval  to  dispose  of  4,000  tons  of 
mixed  sodium  salt  at  the  Wes-Con  facility  near  Grandview,  ID. 

Tlie  background  information  and  chemical  and  biological  analysis 
of  the  sodium  salt  has  been  reviewed  carefully.  The  reported 
relative  innocuous  characteristics  of’ the  sodium  salt  and  the 
distinctive  qualities  of  the  Wes-Con  facility  indicate  that  the 
deposition  of  the  salts  at  the  site  should  not  threaten  the 
environmental  quality  of  the  area. 

On  this  basis,  the  Department  of  Health  and  Welfare,  Division 
of  Environment  will  approve  the  Wes-Con  facility  for  the 
deposition  of  the  4,000  tons  of  the  sodium  salt  subject  to  the 
following  items: 

1)  If  the  option  of  disposing  of  the  sodium  salt  at  the 
Wes-Con  facility  is  chosen  by  the  Department  of  the 
Army,  the  Department  of  Health  and  Welfare,  Division 
of  Environment  should  be  notified  prior  to  any 
shipment  and  items  2  through  5  below  be  followed 
explicitly . 

2)  The  Department  of  the  Army  has  indicated  that  samples 
of  the  salt  would  be  available  upon  request.  A  sample 
of  the  material  should  be  sent  to  the  Department  of 
Health  and  Welfare,  Division  of  Environment  to  be 
tested  at  the  State  lab. 
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Sigmund  R.  Eckhaus 
May  5,  1976 
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3}  Division  of  Environment  personnel  work  with  the 
Wes-Con  officials  to  determine  a  suitable  unloading 
and  deposition  scheme.  This  would  include  one  area 
at  the  site  reserved  for  only  this  material. 

4)  The  Department  of  the  Army  has  previously  indicated 
that  if  approval  were  granted  and  the  Wes -Con  site 
were  chosen,  transportation  would  be  via  a  commercial 
trucking  firm.  Since  the  shipment  is  estimated  to  be 
approximately  200  truck  loads,  these  loads  must  be  time 
phased  so  as  to  not  attract  undue  attention. 

5)  The  salts  should  be  referred  to  as  sodium  salt  and  not 
mustard  salts  or  mustard  gas  residue.  This  is  to 
minimize  any  unnecessary  public  reaction. 


NEB/br 

cc:  Gene  Rinebold 


Sincerely, 


W 

N.  Ed  Barker,  Jr.,  Supervisor 
Solid  Waste  Management 
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)  Estimated  Costs  for  Chemical  Landfill 

The  folloxjing  costs  represent  estimates  from  several  commercial  landfill 
operations  i^rtio  responded  to  inquiries. 

BKK  Corp,  -  $, 08/lb  (based  on  estimate  of  3/29/76  for 

900  drums  of  mustard  salts;  includes  transport 
from  Long  Beach  to  landfill  site  in  West  Covina, 
Calif. 

Chem-Trol  -  $14.50  per  drum  ~‘$.q36/lb  (based  on  estimate  of 

6/16/75  for  20,000  drtans  of  mustard  salts,  _f,o,b. 
Model  City,  N.Y.) 

Wes-Con  -  $, 03/lb  (based  on  estimate  of  10/14/75  for  4200 

lbs  of  mustard  salts;  does  not  include  shipping). 

Nuclear  Engineering  -  $285,000  for  approximately  4000  tons; 

approximately  $, 036/lb  including  shipmehfto  Texas, 
or  Illinois  (based  on  estimate  of  11/12/75). 


The  cost  per  pound  ranges  from  $.03  -  .08,  depending  on  the  amount  of  shipping 
included.  Bie  average  cost  per  pound  for  those  systems  \diich  include  no 
shipping  - 


Chem-Trol  $  ,036 

Wes  Con  $  .03 

Avg,  «  .033/lb 
“  $66/ton 


Eor  4.2K  tons  of  mustard  salts 

Cj,  «’(4200)(66)  «  $277,000 

Edgewood  estimate  =  $300,000 
For  7000  tons  of  GB  salts 


Cp  *=  (7000)  (66)  •=  $462,000 

Edgewood  estimate  *= 
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$500,000 


Costs  for  Shipping  by  Rail 

A  cost  estiiaate  as  of  November  1976  was  obtained  through  the  AAI  Shipping 
Department  for  transporting  the  drummed  salts  from  Denver  to  Buffalo,  N.Y 
a  distance  of  1500  miles.  The  cost  was  $4.23  per  100  wt.  or  $84.60/t:on. 
This  is  approximately  $0.0564/ ton/mile  and  was  used  for  estimating  trans- 
por ration  costs. 

Transportation  costs  -  Denver  to  Buffalo  (1500  mi) 

Mustard  salts: 

-  (4200)  (84.60)  «  $355,000 

GB  Salts: 

=  (7000) (84.60)  =  $592,000 

Transportation  costs  -  Denver  to  New  York,  N.Y.  (1800  mi) 

Mustard  salts: 

-  (4200)  (.0564)  (1800)  «  $426,000 

GB  Salts: 

»=  (7000)  (.0564)  (1800)  »  $711,000 

Transportation  costs  >  Denver  to  L.A.  (1100  mi) 

Mustard  salts : 

C  -  (4200)  (.0564)  (1100)  »  $261,000 

T 

S  salts: 

»  (7000)  (.0564)  (1100)  »  $434,000 
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Average  costs  from  Denver 


Average  between  Buffalo  and  L.A. 
Mustard  salts: 

355,000  +  261,000 

■  I  ■  ■"  ■'  iJ'*  m 

2 

(S  salts: 

592,000  +  434,000  ^ 
2 

Average  betweeen  Mew  York  and  L»A. 

Mustard  salts: 

426,000  ■+  261,000  , 
2 


S  salts: 


711,000  +  434,000 
2 


$  308,000 


$  513,000 


$344,000 


$573,000 


.  e^8 


APPENDIX  F 

Landfill  Hazards  and  Precautions 


F-1 


fi  'ic :  •  •  • 


SARZA-MT-E 


DISPOSAL  ENGINEERIIJG  DIVISION 


6  February  1975 


’'•EMORAiJDUM  TO;  CHIEF,  DISPOSAL  ENGIKEEPxING  DIVISION 

\ 

SUBJECT:  Release  of  GB  salts /brine  to.  Contractors.'* 


1.  At  a  neetinj;  I  had  with  LTC  Parhan  and  MAJ  Gross ^ of  the.  Prolan 
h^nager's  Of fice  „cn  20  Jan  75,  the  subject  of  releasing  G3  salts  and 
'orine  to  contractors  casie  up. 


2.  In  the  meetir.';,  LTC  Parhan  inforned  r*e  that  vje  can  have  any 
cometent  contractor  test  our  salts /brane,  whxeh  includes  processing. 


3.  There  was  a  ricritoriur.  cn  releasing  salts/bnne,  but  we  received 
snecific  relief  to  send  materials  to  Atonies  International,  Chanfix, 
and  Portland  Cenant  Association  in  mid  Nov  74.  Right  after  that  v7e  ^ 
v.’ere  told  'ey  LTC  Hanson  to  atop  the  contractors  from  processing  any  or 
the  materials.  In  early  Dccenber,  V7e  were  told  by  LiC  Hanson  thet  ’..e 
could  in  fact  have  the  contractors  process  the  materials,  if  we  wo\:ld 
have  the  materials  tested  for  pi'esence  of  GB  and  find  no  trace  by  tne 
best  avciilcible  test  method. 


f\ ' 


-  -  VK 


ROBERT  I.  EPSTEIN 
.Chemical.  Engineer^ 

Disposal  Engineering  Division 
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APPENDIX  G 


Deep  Well  Disposal 

Administrator's  Decision  Statement  No.  5 
"EPA  Policy  on  Subsurface  Emplacement  of 
Fluids  by  Well  Injection,”  February  6,  1973. 
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■'l  .'TO' 


.<o 


ii  ■ 


UN!  i  ED  S  I  ATES  ENVl.'^ONWcNTAL  PROTECTION  AGENCY 

WASHINGTON.  D.C.  204 C-O 


7HE  APMiMS: 


FEB  6  1373 


ADMINISTRATOR* S  DECISION  STATEMENT  MO.  5 


SUBJECT;  ERA  POLICY  ON  SUBSURFACE  EMRLACEMi- NT- OP  FLUIDS  BY 
WELL  INJECTION-  •  • 


This  ADS  records  the  EPA’s  position  on  injection  neiis 
and  subsurface  enplacer.ent  of  fluids  by^weli  Injection,  and 
supersedes  the  Federal  V/ater  Quality  A-crdnistration’s  order 
.COM  SOiiO.lO  of  October  15*  1970. 


GOALS  c.' 

The  E?A  Policy  on  Subsurface^ Er.placenent  oi*  Fluids  by 
V/ell  Injection  is  designed  to: 

1.  Protect  the  subsurface  fror.  pollution  or  other 
.environnental  hazards  attributable  to  inpropsr 
injection  or  ill-sited  injection  vrells, 

2,  ,  Ensure  that  engineering  and  geological  safeguards 

adequate  to  protect  the  integrity  of  the 
subsurface  envircnnent  are  adhered  to  in  the 
preliminary  investigation,  design,  construction, 

•  operation,  monitoring  and  ab’andonmant  phases  of 
injection  well  .projects, 

# 

3«  •  F.ncourage  development'  of  alternative  means  of 

disposal  which  afford  greater  en-.'ircnmental 
protection,  . 
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Th6?  avsiltiole  evldsr.-;s  concsmin,'=:  injection  veils  and 
subsurface“'enipiacer.snt  oi'  fluids  indicates  that: 


The  er.placsr.ent 
p'ften  is  consid 
agenciss  as  an 
'disposal  or  sto. 
'capabilities  of 
effluents  witho' 
and  (2)  the  app. 
disposal  or  sto; 
v;aste  ranageren 
capacity  is  a  n, 
value  and  like  : 
Kust  be  conserv. 
people . 


of  fluids  by  subsurface  injection 
ered  by  govsrr.r.ent  and  private 
attractive  r.-echanior.  for  Vinal 
rage ^^oving  to:  (i)  the  di.'cinishins 
surface  v;aters  to  receive 
•it  violation  of  quality  standards , 
.arent  lov;ar  costs  of  this  r.ethod  of 
rage  over  conventional  ana  advanced 
t , techniques ,  Subsurface  storage 
atbral  reso'urce  of  considorabls 
any  other  natural  resource  its  use 
ad  for  raxinai  benefits  to  all 


Improper  injection  of  municipal  or  industrial 
wastes  or  injection  of  other* fluids  for  storage  or 
disposal  to-  the  subsurface  environment  could 
result  in  serious  pollution  of  v:ater  supplies  or 
other  environmental  hazards. 

The  effects  of  subsurface  injection  and  the  fate 
of  injected  materials  are-.-uncertain  with  today's 
knowledge  and  could  result  in  serious  pollution  or 
environmental  damage  requiring  com?le.x’  and  costly 
solutions  on  a  long-term  basis • 


PO..ICY''A>-ID  PROGRAM  GUIDAKCE 


To  ensure  accomplishment  of  the  subsurface  protectio: 
goals'  established  above  it  is  the  policy  of.  the 
Environmental  Protection  Agency  that; 


The  EPA  vrlll  opporse  emplacement  of  materials  by 
subsurfac.s  injection  without  strict  controls  and*  -< 
clear'  demons zrauion  fnat  such  emplacement  v;ill  no' 
interfere  v«*ich  present  or  nctential  use  cf  the  -• 
s'ubsurface  envlronmonc ,  ccntamin.ate  rreund  water 
reso'urcss  or  otherwise  damage  the  environment.' 


All  proposals  for  subsurface  injection  should  be 
critically  evaluated  to  determine  -thatt 


(a)  All  reasonable  alternative  measures 
e-':plored  and  found  less  satisfactory  in 
environmental'  protection; 


have  been 
terms  of 


,  *  (b)  Adequat 
*,  predicting 


e  preinjectian  tests  have 
the  fate  of  materials  inj 


been  mads 
acted; 


(c)  There  is  conclusive  technical  evidence  to 
demonstrate  that  such  'injection  will  not  interfere 
with  present  or  potential  use  of  water  resources 
jior  result  in.  othe?  environmental  hazards; 


■•(d)  The  subsurface  injection  system  has  been 
designed  and  constructed  to  provide  maximal 
environmental  protection.  ' 

Ce)  Provisions  have  been  made  for  monitoring  both 
the  injection  operation  and  the  resulting  effects 
on  the  environment; 


(f)  Contingency  plans  that  will  obviate  any 
environmental  degr^adation  have  been  prepared  to 
cope  v;ith  all  v;sil  shut-ins  or  any  well'  failures: 

(g)  Provision  \-rill  be  meds  for  plugging  injection- 
walls  when  abandoned  and  for  monitoring  olugs  to 
ensure  -their  adequacy  In  providing  continuous 

-environmental  protection* 


V/here  subsurface  Injection  is  practiced  for  waste 
disposal,  it  v;ill  be  recognized  as  a  temporary 
riSans  of  disposal  until  new  technology '  bep'omes  ' 
available  enabling  more  assured  environmental 
protection. 


Vihcre  subsurface  injection  is  practiced 
underground  storage  or. for  recycling  of 
,  it  .will  be  re-cognized  that  such 
will  cease  or  be  modified  when  a  hazard 


fcr 

natural 
practice 
to  natur 


resources  •  or  the  environm-ent 


appears  Imminent, 


al 


5 


The  E?A_  will  apply  this  policy  to  the  extent  -of' 


all 


prograni 


, its  authorities  in  ccr.duotinp 
•'-sutivities ,  including  regulatory  activities , 
research  and  development ,  technical  assistance  to 
the  States,  and  the  administraticn  of  the 
construction ‘grants Stats  program  grants,  and 
basin  planning  grants  programs "and  control  of 
.pollution  at  Federal  facilities  in  accordance  with 
.  Executive  Order  11507. 


William  D»  Ruckelshaus 
Administrator 


.  Attachment 

Recommended  Data- Rscuirements  for  Environmental 
'•  Evaluation- of  Subsurface  Emplacement  of  Fluids  -  ‘ 
by  Well  Injection  ‘  , 

•  *  *  •  *  ^  ^ 

■  ■  -c»’  ’■ 


••V 


^  TT  ^  • 


i-MDE!}*  ^•-’ 


c.:-. ' 


- - ..-.-^Li  I.  V .-. I.L  n  -  .1 C, V 


r-MPLACZME'iT  0?  ?LUZD3  SY  WELL  IKJECTIQ-I 

Th©  Adinlriis ir’s ' 3  a»-.+-  c 

oubsuriace  er.?j.ac^*n-ent  of.  fluids  by  well  InJ  ectlon.  has  been 

prepared^oo  essablish  the  Agency's  position  on  the  use  of 

tn_to  vAo-spcsal  and  storage  technique.  To  aid  in 

ia:pler.enta_tior;  cf^the  policy  a  reccrrjr.ended  data  base  for 

envxronir.ental  eva.i.uatlcn  has  been  ceyeiooed. 

*  •*  •  " 

pa-'a^^srs  describe  the  iaforratlon  which 
be  provicea  by  ih=  ir.Jectar  end  are  designed  to 
■  repiatory  agencies  sufi'iolent  inforration  to 

evaluate  the  environnental.  acceptability  of  any  oropoaed  -  ' 
rtcxi.  j.nj ect,j.on*  ^  ‘ 

t  . 

An  accurate  plat  chewing  location  and  surface 
elevation  of  proposed  injection  vre'*’'  sit=» 

l^lZl  scSef^^-  """  oinershiraiiA 

^  ■  *  .  •- 

indicating  location  of  ;-ater  wells  and  all 
naTlZ<ll^/ or  artificial  penetrations,  including  but 

o-l^ana  gan  wells  ana  exploratory  or  test 
^^1-s,  ohorfj.ng  cepwns,  eitjvations  and  the  deeoest  fo'^rat'*©'" 
penetrated  within  twice  the*  calc.j^lated  tone  of  ?nflS-rn:‘of 

2?  ’l-esi'-'S  ^h^ndonnent  rLo^dfior 

Sp.  ^  tesos,  and  water  veils  should  accompany  the 

(c)  Maps  Indicating  vertical  and  lateral  liniits  of 
water-supplies  which  would  include  both  short-and 
lono-*,ex.-n  -Vcir^ai-iOns  in  surface  water  sutolies  and 
subsurface  aquifers  containing  water  with  less  than  10,000 

and  Available  amounts  and  cresent' 

and  pouentitl  uses  of  v^hene  i-.-aters,  as  well  as  oro''e'’t‘’ ers 

of  puDi^c  water  supply  requirements  must  be  consideredT 

Eppiptiors -Of  mineral  resources  present  or 

‘  ?'=sent  in  area  of  project  and  the  effect  of 
22 a?2'!  P--®sent  or  potential  mineral  resources  in  , 

®f=4«s  St  approved  scales 

“Jtli;.‘ano2d":h;h-f!;{Sf:=  2  stratigraphic 

^.1-. xSt.,s;  .or  w-..e  _c-cal  areuj  and  «rsr.cral-' r^-'d 
2ttl2  0f1hr:2j:hf  r^;:ional  gecloglc  . 
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(f)  Description  c.~  chemical,  physical,  ar.cl  biological 
properties  and  charact.:-.ri2tics  of  the  fluids  to  be  injected. 

(g)  Potentiemetri r  r.aps  at  approved  scales  and  isoploth 
intervals  of  the  propce;  ed  injection  horizon  and  of  those 
ao.uifers  irjr.ediately  a-ibve'  and  below  the  injection  horizon, 
v.’lth  copies  of  all  dri_l-stcni  test  charts,  extrapolations, 
and  data  used  in  con;piJ_d.rig  such  maps . 

(h)  •Description  c_r  the  location  and  nature  of  present 
•or  potentially  useable  minerals  from  .the  zone  of  influence* 

(i)  Volume,  rate,  znd  injection  pressure  of  the  fluid, 

(J)  The  following  geological  and  physical*  •  ‘ 

characteristics  of  the  injection  interval  and  the  overlying 
and  underlying  impcrme.-r-zle^ barriers  should  be  determined  and 

submitted;  *  .  • 

%  »  • 

4* 

(1)  Thicknesurj  • 

(2)  areal  ex-z.;ent; 

'  (3)  litholog:-.*; 

(i|)  grain  mi.-neralogy  t  *  • 

(5)  type  and  mineralogy  oX'inatrix; 

(6)  clay  conr-snt; 

(7)  clay  minsiralogy; 

(8)  effective-  porosity  (including  an  explanation 
of  how  determzined); 

(9)  permeabll.ity  (Including  an  explanation  of  how 
determined): 

•  ^  •  • 

(10)  coefrici^sn“  of  aquifer  storage; 

(11)  amount  aimd  extent  .of  natural  fracturing 

(12)  locaticrr  ,  extent,,  and  effects  of  known  or 
suspected  fa-^lting  indicating  whether  faults  are 
sealed,  or  fr*acpured  avenues  for  fluid  movement, 

(13)  extent  n-.nd  effects  of  natural  solution 
channels 


.p*7 


ClM  denroe  of  fluid  saturation; 

iOi  nia  t  i  on  fluid  chcr'^st"'^  » 

.;,and  regional  variations);  "  ^-‘=l^ding  local 

•  (16)  tcr.perature  of  forr.ation  (imrlud^nc- 
explanation  of  now  deterr.inod) ;  •  ~  ^ 

j-orinQ.tloTi  and  fluid  pressur**  f 
•original  and  modifications  resul--r: 
withdrawal  or  .InJ  action) ;  ,  ^  ^  fluid 

(18)  fracturing  gradients;  ‘  ' 

(19)  diffusion  and  dispersion  ehs„r^*'r»i-ovi4 ^ 

thfe  waste  and  the  formation  fluid  ' 

of  eravity  secraa^tionj  effect 

(20)  oonpatlbllity.-of  Injected -wa^rte  with  th« 

physical,  chemical  ini  biolo<'<ca-  -bErBoLi?%< 

.  of  the  reservoir;  and  -=s-=o-  -haracteristics  , 

(21)  injectivity  profiles. 

(k)  The  following  engineering  data  sho'iJld  be  supplied! 

(1)  Diameter  of  ho'le  an4 'total  dc^th  of  well; 

(2)  type>  size,  weight,  and  strer.'^h  nr’ an 

Btr"[^'^:  'and  inirc^Lnij'oalinT 

tubinHnl^paokSr a Proposed  l.-nstallation  of 
e2enr'’°“'*  procedures  ^-,d  typo  of  '  ' 

t 

(5)  proposed  coring  program; 

(6)  proposed  formation  testing  prc:z::ran- 

(7)  proposed  logging  pro'gram;  •  ' 

(8)  proposed  artificial  fractu-^n-  •.  -- 

program;  *  stimulation 


(9)  proposed  injection  procedure; 


(10)  plans  of  tho  curfaco  and  subsurface 
..construction  details  of  the  system  including 
.^engineering  drauings  and  specifications  of  the 

system  (including  but  not  limited  to  pumps,  well 
head  construction,  and  casing  depth);. 

(11)  plans  for  monitoring  including  a  multi-point 
fluid  pressure  monitoring  system  constructed  to 
monitor  pressures  above  as  well  as  v.’ith'in  the 

’..'Injection  zones;  and  descriptiort  of  annular  fluid; 

.  » 

(12)  expected  changes  in  pressure,  rate  of  native 
fluid  displacement  by. injected  fluid,  directions 
of  dispersion. and  zone  affected  by  the  project; 

<13)  contingency^plans  to  cope  with  all  shut-ins 
or  well  failures,  in  a  manner  that  will  obviate  any 
environmental  degradation*  . 

(1)  Preparation  of  a  report  thoroughly  investigating 
the  effects  of  the  proposed  subsurface  injection  well  should 
'be  a  prerequisite  for  evaluation  of  a  project.  Such  a 
statem.ent  should  include  a  thorough  assessment  of;  1)  the 
alternative  disposal  schemes  in  terms  of  maximum 
environmental  protection;  2)  projection  of  fluid  pressure 
.response  with  tim.e  both  in  the*  injection  zones  and  overlying 
formations,  with  particular  attention  to*aouifers  which  may  ’ 
be  used  for  fresh  water  supplies  in^the  future;  and  3) 
problems  associated  v.’lth  possible  chemical  interactions 
between  Injected  wastes, .formation  fluids,  and  mlneralcglcal 
constituents* 


APPENDIX  H 

Comments  on  Unsolicited  Ocean  Burial  Proposal. 
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SAEEAi-l!T-E  (10  Hov  75)  .  ‘ 

SUBJECT:  Unsolicited  Proposal  for  Disposal  of  Hazardous  Chealcal  Eesiducs  Beneath  the 
Cxean  Floor 

TO  Chief,  Plans  Ofc  FKOM  -  Dir  of  Mfg  Tech  .  DMB  ^  DEC  “STS  .  q.jj  2 

Attn:  SAEE&-PL-S  Mr.  EP8teia/drw/2260 

1.  As  requested,  subject  proposal  has  been  reTiewed  and  ti:e  evaluation  is  as  follows: 

a.  Technical  Feasibility.  The  subject  proposal  presents ra  plan  to  perfuru  a 
feasibility  study  for  the  disposal  of  demilitarized  chemical  warfare  agents  underneath 
the  sea  bed.  The  final  evaluation  of  whether  this  method  of  disposal  of  these  wastes 
is  feasible  is  contingent  on  ^e  results  of  such  a  study.  Based  cm  the  previous  work 
performed  by  Global  Harine  Development,  Inc.  in  deep  ocean  bottom  eaqtloration,  dcill« 
ing,  operations  including  relocating  wells  after  moving  from  the  site,  the  concept 
of  und^^ea  bed  disposal  spears  technically  feasible  as  follows: 

technology  for  under  sea  bed  disposal  exists  but  would  have  to  be  adapted 
to  this  application. 

(2)  effect  on  the  ecology  must  be  determined  for  this  node  of  disposal. 

(3)  The  legal  questions  of  this  mode  of  disposal  must  be  answered,  sudi  ss  is 
this  a  form  of  ocean  dumping  for  which  specific  regulations  are  in  effect. 

(4)  The  qu^tion  of  idiether  national  or  international  agencies  exerc^e  juris¬ 
diction  over  this  mode  of  disposal  tsxst  be  answered. 

b.  Potential  Utility.  !Rie  potential  utility  of  this  method  is  low  in  eosparison 
to  other  disposal  options  currently  being  considered  and  studied.  The  proposal  does 
imt  mention  predicted  costs  for  ultimate  disposal  by  this  method  but  based  on  a 
presentation  vixi^  Global  Karine  made. to  Hdgewood  Arsenal  perscnmel  on  19  Aug  75,  the 
anticipated  cost,  not  including  feasibili^  or  development  studies,  is  $300  per  ton 
or  more.  Anticipated  costs  for  controlled  scientific  landfill  for  canparison  is 
estimated  at  $60  per  ton.  Vie  feasibility  and  development  programs  to  est^lish 
this  method  would  likewise  be  expensive,  estimated  in  the  range  of  $1,000,000* 

e.  Probability  of  Success.  Based  on  Global  Karine's  previous  work  in  deep  ocean 
bottom  operations,  this  disposal  option  has  a  hi^  pzobabili^  of  success  from  the 
technical  aspect.  Our  evaluation  of  the  other  aspects  is  that  the  probability  of 
success  is  low*  These  have  to  do  with  cospleting  an  environmental  inpaet  statement 
including  identifying  cognisant  agencies  and  getting  tiieir  commitneats  for  ipproval, 
identifying  and  solving  the  legal  problems  including  Inteznatlonal  legalities,  obtain¬ 
ing  public  acceptance,  and  proving  the  ecological  effect  on  the  environment.  The  pro* 
posed  feasibility stufy  would  provide  more  definitive  answers  to  questions  shout  the 
probability  of  success  of  this  method  for  disposal  but  the  foregoing  is  our  present 
judgment. 
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SAPJA-irr-E  (10  Nov  75)  i3ECT37i 

SUBJECT:  Unsolicited  Proposal  for  Disposal  of  Hazardous  Chemical  Residues  Beneath  t 
Ocean  Floor 


d.  Applicability  to  Present  Requirements*  The  proposed  method  for  disposal  of 
wastes  generated  by  the  denilling  of  chemical  warfare  agents  is  applicable  to  our 
present  requirements.  Currently,  there  are  approximately  4,200  tons  of  salts  from 
the  deall  of  xoustard  at  RMA  and  there  soon  will  be  approximately  7,000  tons  of 
residue  from  other  desdl  operations  at  various  CONUS  and  CCONUS  sites.  Presently 
there  appear  to  be  viable  means  for  disposing  of  the  salts  from  RMA  but  no  firm  cos^* 
mitment  has  yet  been  made.  Until  a  commitment  is  made,  and  also  for  the  future 
demll,  we  are  still  investigating  disposal  options. 


2.  '  No  funding  for  a  contract  will  be  requested  at  this  time. .  We  feel  it  will  be 
more  advantageous  to  the  Government  to  cos^lete  work  on  disposal  methods  we're 
presently  studying,  such  as  ocean  duBq>ing,  scientific  controlled  landfill,  and 
incineration.  If  no  viable  methods  are  ultimately  determined. then  under  sea  bed 
disposal  should  be  pursued.  ^ 

FDR  THE  DIRECTOR: 


wd  all  incl  SIG^QJND  R.  ECREADS 

Chief,  Disposal  Engineering  Division 
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REFER’-NCE  OR  OFFICE  SYMBOL 

SUBJECT 

SAREA-PL-S 

Unsolicited  Proposal  for  Disposal  of  Hazardous 
Chemical  Residues  Beneath  the  Ocean  Floor 

■*’®  Dir  of  Mfg  Tech 

Attn:  SAREA-MT-E 

Chief,  Plans  Ofc  10  Nov  75 

Mr.  Couch/tj/3037 

1.  Subject  proposal  from  Global  Marine  Development  Inc, ,  is  forwarded  for  revie 
and  evaluation  (incl  1),  A  copy  of  the  signed  Memorandum  of  Understanding  is  alsc 
inclosed  (incl  2). 


2.  Request  that  your  evaluation  be  based  upon  the  following  criteria: 

a.  Technical  feasibility.  .  ^ 

•  b.  Potential  utility.  ‘  . 

» 

c.  Probability  of  success. 

d.  Applicability  to  established  requirements, 

3.  Your  reply,  if  favorable,  should  state  whether  you  plan  to  request  funding  for  : 
contract,  the  fiscal  year  of  funding,  and  if  sole-source  procurement  will  be  recon: 
mended. 

4.  It  is  requested  that  your  reply  reach  us  by  10  December  1975. 

FOR  THE  CHIEF: 


12  Incl 
as 


QRI  Program  Manner 
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REPLACES  DO  FORM  98.  EXISTING  SUPPUES  OF  WHICH  WILL  BE 
SSUED  AND  USED  UNTIL  1  FEB  63  UNLESS  SOONER  EXHAUSTEa 


‘itvz.oa  wt-ez»- 


APPENDIX  I 


Mustard  Salts;  Sales  and  Industrial  Use. 

1)  Colorado  State  Department  of  Hl^ways  • 

’*Use  As  A  Deicer”  -  Letter  dated  October  17,  1973, 

2)  42  Pi^oducts  Company;  Use  in  dyeing  cow  hides. 
Letter  dated  December  12,  1973. 

3)  Saltcake  Sales  Corporation;  Use  in  the  pulp  and 
peper  industry;  Letter  dated  April  9,  1974. 

4)  Letter  from  EPA  concerning  Road  De-Icing, 


STATE  DEF  RTMENT  OF  HIG.  WAYS 

CHAS.  E.  Shumate  '  •  executive  director 

■TATt  or  COLORADO 

DIVISION  OF  HIGHWAYS 
LAURENCE  C.  BOWER 
CHIEF  ENGINEER 

■  i 

4201  EAST  ARKANSAS  AVENUE-*  DENVER.  COLORADO  60222  •  (303)  757>90tl 

October  17,  1973 


COLORADO  STATE  PATROL 
COL.  C.  WAYNE  KEITH 
CHIEF 


Gerald  G.  Watson 
LTC,  CmlC 

Department  of  the  Army 
Headquarters  Hocky  Mountain  Arsenal 
Denver,  Co  30240 

Dear  Col.  Watson: 

^  Reference  your  letter  of  October  1,  1973  con¬ 
cerning  the  Division  of  Highways  using  the  salts 
.  generated  by  the  demilitarization  of  the  toxic  agent 
at  RocKy  Hounta5.n  Arsenal,  ® 

^  We  would  like  very  much  to  have  been  abl^e  to 

tiaterial,  out  ws  na.ve  found  the  sodium  sulnh-te 
to  be  very  oamaging  to  our  concrete  pavements  and  ’’ 
concrete  bridge  decks. 


We  are  encountering  some  damage  using 
a  very  low  sodium  sulphite  content. 


salt  with 


offer  and  we  certainly  wish 
we  coula  help  you  by  using  this  material. 

Sincerely, 

CilAS.  E.  SHLmTE 
Executive,  Director 


.  ElnH/RWP/h 
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SARRM-L-P 


L.'  DEPARTMENT  OF  THE  ARMY 

HEADOUACTERS  SOCXY  MOUNTAIN  ARSENAl 
OENVEK,  COLOKAOO  B0240 


12  .December  1973 


Mr.  Frank  Rogers 
42  Products  Company 
P.  0.  Box  lOSl 
Scottsbluff,  Nebraska  69361 


Dear  Mr.  Rogers: 

Please  reply  as  soon  as  possible  with  the  results  of  your  experiment 
to  use  Mustard  Salt  from  this  installation  for  dyeing  cow  hides. 

A  sample  of  the  salt  was  sent  to  you  on  26  October  1973. 

Sincerely  yours. 

Contracting  Officer 


/  ^ 

/RAYI-tOND  , 


SIB  I 


WE  SAVE  TESTED  THIS  M/iTERlAL  AND  H/iVE  POUND  TrIivT  THE  CONTZl^T 
OF  3.8  of  fE2  03 ’CAUSES  A  REDDISH  COLOR  TO  J\?FEj\R  AND  THIS  IS 
DEFIN/vTELX  PfiOEIBITIVE  IN  TEE  PBOCESSING  OF  SEEEP  &  COW  BIDES, 


WE  ARE  still  ' BESEECHING 
OBTAINED  ANT  BUIERS  WE 


THE  Uses  0?  THIS  MfvTEHI;\L 
;V0ULD  BE  INTEHESTED  IK  THE 


•WE  I-i/iI  EAVE  SOPIE  BiiSE  TO  GO  BY. 


&  IF  YOU  HiWE 
PHISING  SO 


THANKING  YOU  , 


/? 

f  ///'- 

/ROGERS 


42  PBODUCTS, 

'  - 

/ 


SaILTCAIKIE  SaILIES  CoiRlPOlRiAiriKCaT^ 

P.  O.  BOX  Q  16  ARCADIA  ROAD 

OLD  GREENWICH,  CONNECTICUT  06870 


TELEPHONES:  203-637-430A, 


X5;d&Z2£KZ  2^  v& 

zssa&sxzx&ytz  xk. 

ZQii&XrZK-ZZXZXSJi: 


§  April  197^ 


Department  of  the  Army 
Office  of  the  AMC  Program  Manager  for 
Demilitarization  of  Chemical  Materiel 
Aberdeen  Proving  Ground,  Iffi  21010 

ATTENTION:  Colonel  Sampson  H.  Bass,  Jr. 

Gentlemen: 

We  refer  to  your  letter  of  2  April  197^  concerning  the  -disposi¬ 
tion  of  the  inorganic  mixed  sodium  salts  resulting  from  disposal 
of  the  chemical  warfare  agent  Mustard  (CH2CH2Cl)2S). 

After  reviewing  the  chemical  composition  of  the  mixed  sodium  salts 
indicated  in  the  attachment  to  your  letter,  we  are  of  the  opinion 
that  because  of  the  high  concentration  of  sodium  chloride  (NaCl) 
this  material  would  be  unsuitable  for  use  in  the  pulp  and  paper 
industry,  which  is  the  market  served  by  Saltcake  Sales  Corporation, 
and  thus  from  our  standpoint  would  not  have  any  commercial  appli¬ 
cation. 

In  regard  to  the  salt  by-product  produced  from  the  disposal  of 
chemii^al  warfare  agent  GB  (CH-CCoH^O)  FPO),  we  are  not  in  a  posi¬ 
tion  to  comment  on  the  commercial  application  or  salability  of 
this  material. 


Very  truly  yours,  . 
SALTCAKE  SALES  CORPORATION 


DEJ :rmm 
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UNITED  STATES  ENVIRONMENTAL  PROTECTION  AGENCY  ^ 


REGION  Vlll 

1660  UINCO’.N  STREET 
OEKVER.  COLOSACO  30203 


Mr.  Henry. L.  T.  Keren  OCT  15  1374  .  ” 

Deputy  Undersecretary  of  the  Array  .  TT-T" 

Departr.ent  of  the  Array  ...  •  - 

Washington,  D.  C.  20310  '  ‘  — 

LwmmI  *  **  ’ 

Dear  Mr.  Koren:  _ _ :•••  * 

The  Region  VIII  Ofrice  of  the  Environraental  Protectior“iirerrv — 
has  bean  in  contact  Kith  Ma.ior  Robert  Kansen  of  Edgewood  Art-Sl— 

salts  fro^thelnsSf 

'Irsenar  stored  at  the  Rocky  Mountain 

impression  that  a  nurber  of  alternatite 
olDend?L"l-"?Sf  .“n  i^Pl'-ding  ocean  disposal. 


to  Is^m  that  a  coraiteent  has  been 
salts  to  a  cocr.srcial  finr..  The  end-os'* 

Kft  these  salts  is  for  d.s-icina  ourooses  on  rwds 

+A  f^3ilaole  to  E?A  through  HEPA  activities  as^* 

envircn-ental  significance 

h-S  bc-n  ra--^.  It  ^an  enviro.nraencal  analysis  has  b^en  dcn“  I  ‘vould 

office^  r;'".""  dVdloation  be  rade  available  to  the  Reoion  Vlil 
Considering  the  potential  use  of  these  salts  on  hirtw.-/s 
one  ouustanaing  question  comes  to  raind.I  feel  that  it  is  es^»ntfa’ 


1?°!!’'^  be  preratura  to  suggest. that  an  environcental  iraact 
?2rih?t  ‘i’tPooal  nethpd.  buf! 


environmental  assessment  of  the  proposed  action. 


Sincerely  yours „ 

T)/  y; 

John  A.  Green 
'Regional  Administrator 
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APPENDIX  J 


Deep  Hines  and  Geological  Formations. 
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